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LL \J\Jft\tl~'U~'Vl11 

[Executive Summary] 

.::ii ,cil .,,. QGI QO/ 

1. -a1t1a:: Lil ti fl Lm11n\J ~fl<a·m111"t1/LLe.J'U.:11'U1""' 

1.1 ~m~e.:i m1~~'U11ai'Uu11.:i~h'ln:i L'1~1J'111~1'Ut1'1\!aa'11::~m'U1 L 'Ual!aimnn'111'1nfl 

tl
.. II Q 

L ae:in'11JL1Ja~1J::'l.111J 

Development Nanoemulsion Whitening Body Lotion with Antioxidants 

from Tamarind Seed Coat Extracts 

1.2 

1.3 .:iu'l.11:::1.11NLLa::-a::ti::L1a1vh1~a 

l~i'u.:itJ'l.11:::u1w 'l.11::-;i'1tl.:iu'l.11:::u1w vu1. 2558 .:i\J'll1:::u1w.wti-ru 210,000 \J1'VI 

2. ft\'lllfl1.:in111~t1 

1J::'l.111JL lJ'UVl6!1Ll3!1~~n'1~~1~qi'lle:i.:i..ij.:i'Vl1~ L V'l6ll1\J1ruLLa::Yi~~ 1an iim1'1.J~L.nfl~.:il '\Jiu 

'l.le:i.:i~ n'1~ LLa::e..ia 11ui'ru'1 LL tl11tl'V!a1 EJ1tl LL 'IJ'IJ vh 1 ~ii L1J~~1J::'l.111J L lJ'U'lle:i.:iL 'Via e:i'11nn1::u1'Um1 
'U 'U 

LLtl1itlm'Vl11~1'U1'U1J1n ii11EJ.:i1'Um11..ij'EJ~1::tr;l1~1'U'l.lt1.:iLtlae:in~1JL1J~~1J::'l.111Jiie:i.:if'ltl1::ne:iu 
'l.lt1.:i'111~ii'111V'lfl'1d'Vl1.:!Lfl~t1.:i~1t11.:i'Vla1EJ6!1'\l~ 1~moV'l1::e:i~1.:i~.:iG111 proanthocyanidins LLa:: 

. .,ltl .'f .,j 4 01 II o II .,I .f'I II 4 .,I 4 

flavono1ds 'Vl nu e:i.:im1 L'1t11J'l.lt1.:i i:.11'\ll'U.:!~1 El n11'Vl1'Vl'U1'Vl L u'U'1111111'Ut111\Jatl'11::'Vl Ln~'11 nm1 

ni::~'U'l.lt1.:i1'.:i~~i vi'1'V!u1~'li1EJ~'IJ&.:im1L~t11J'1a1EJ'l.lt1.:iL'lla~ vi'1l~~1L~EJ'IJLilEJ'U a~m1el'm'1'1.J 

(Williams et al., 1999; Guardia et al., 2001; Arct and Pytkowska, 2008) ~'IJ&.:im1'1a1EJ~1 
'l.lt1.:!flt1aa1L'1'U 'li1m~1Jm11'VlaLiEJ'U'l.lt1.:iLat1~~1J1'Vl~tJL~EJ.:i~1 (Benevente-Garciia et al., 

) 0111 I ,8.,. 0 1"'!'1 
1997; Garg et al., 2001; Arct and Pytkowska, 2008 'V11 'V1'111L'V!a1'U'UEJ1J'U11J1 '!!Lu'U 

~1'Utl1::ne:i'IJ'llt1.:iLfl~e:i.:i~1m.:iu11.:i~1 LLa::iie..ia111firu'1u11.:i~1~ii~1'Ue..1'11J'llt1.:i'111'1n~L1l~~1J::"IJ11J 
~1'VIU1EJ l 'U111a1~11h.:itl1:: L 'V1131 LLl'l ~.:i 1llV'l'U l 'Ue..ia111firu'1 Lfl~e:i.:i~1m.:i"lle:i.:i L 'VlEJ 

.:i1'U1..ij'EJ'if ii1111Cltl1::'1.:ifil L Yle:i~n~11~m1'1n~'111e:ie:in']'Vlt'V11.:i L 16!1~1m.:in~1l phenolic 

compounds, proanthocyanindins LLa:: flavonoids '11mtlae:in~1JL1J~~1J::'l.111J L-rim.11'111'1n~ 
mru tl L ~1J\ja r11~1 El n11~~'U1LlJ'Ue.Ja111firu'f11ai'UU11.:! ~1"1111 L'1~1J'111~1'U €111\Ja a'11::~1111'U1 L 'U 

al!a eU'U LLa:: ~ n~1fl111Jfl .:i ~1'l.Ie:i.:ie.Ja111firu'1111J fi .:i n11'Vl ~ '1€1'1.J tl1:: ~'VlG.n 1V'l'l.I e:i.:i e.J a 111 fi ru'1 n'IJ 
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enG'l1'1l!ri1 1:::Ltieiu1fi1..ijmLu.:iLtJ'U 2 (Jl€J'U ~€1 1. ~n~11fim1G'ln~G'l11t1t1nqV1~V11.:iL1'!lri1en.:i1'U 
'111'1 n~ L tJ ~ €1 n~l.l Ll.la ~ 1~ eJ L~l.1'11n n11~ m.~1'!1U~'ll€1.:I ~Tvha:::a 1 eivlL 'Vll.11tG'llJ 1 'U n11G'I n~G'l11€1€Jn 

' 
.! ~ 1 .. ., Q !;f ... .! -9 

qV1uV11.:i L 1'!1 '11en.:i 'UL 'Lia t1 nVJl.l Ll.la~l.lt'll1l.l LLa::: m 1r1n~1G'I.fl11 :::m1'1 n ~'111€1 ti nqV1uV11.:i L 1'!1'11€11.:i 

vlLV1l.11tG'll.l LLa::: 2. m1~w.i'U1£'l(Jl1~1fo 1ai'U'111'1n~L'Li~t1n~l.ILl.la~l.l:::'ll1lJ~(Jl1'U11 'Ual!a'll'U 
'IJ ' ';j 

~a m1~n~1V'lu11 Lt1V11'Ut1ari11l.IL '1il.l'li'U~t1eia::: 7 5 L U'U~Tvi1a:::a1 eiG'l1l.l11'1G'ln~G'l11t1t1n 

'JVl~V11.:i L 1'!IG1'1t11.:i'11n L \J~t1 nt1'l.l Ll.la~l.lt'll1l.ll.11nvl'l~ LLa:::m1'1n~~1 ei1fi ultrasonic-assisted 

extraction 'U1'U 30 'UTVi vi11m~G'l11G'ln~L\J~t1nt1'l.ILl.la~l.lt'lJ1l.lvlljG'l11 proanthocyanidins 

5.20-5.91 g CE/g extract V'ltJG'l11 phenolic compounds t1~L'U"li1.:i 858.16-1,187.05 g GAE/g 

il I ~... I ... 

extract LLat flavonoids €1~ 'U'!l1.:i 0.50-0.68 g CE/g extract 'Ut1n'11n'UeJ.:IV'ltJ11'111G'ln~ 

L\J~t1nt1'l.ILl.la~l.lt'lJ1l.lljqV1~ DPPH radical scavenging activity ~.:in11'111~1'U€1'4\JaaG'l1:: 

l.11(Jl1J1'U ascorbic acid 4-8 Lvl1 LLa:::ljqVI~ tyrosinase inhibition activity ~.:in11'111l.11(Jl1J1'U 

kojic acid 4-7 Lv11 LLa:::Ldml1'111G'ln~L\J~t1nt1l.ILl.la~l.lt'll1l.IL'Li~w.i'U11Jit1eit1~LtJ'UG'l11t1t1nqV1tl'U 
1ai'Uu11.:i~1~(Jl1'U1 L 'Ual!ai'U V'lu11~1i'uvlLV1l.11t'1l.lvl'l~~t1~1i'uvlL~l.IG'l11G'ln~~t1eia::: 0.1 1~eilj 

Pl1'lJ'U1~€1'4.fl1flLO~eJ€J~L'U1t~tJ'U1 L'U ~€1 613 ± 7.40 'U1 L'ULlJ(Jl1 lj1"l1~'!1ilm1mt'11eJ'll'U1~ 

€1'4.fl1flLvl1tltJ 0.34 ± 0.01 LLatl°i1\J1t"QtJ'U€1'4.fl1flLvl1tltJ -33.00 ± 0.50 ljt1.:ifitJ1tnt1tJ'll€1.:IG'l11 

t1t1nqV1~V11.:IL1"11'11m.:i Pit1 total phenolic compounds \J~l.l1ru 2.41 ± 0.00 mg GAE/g lotion 

' '111 flavonoids \J~l.11ru 0.82 ± 0.04 mg CE/g lotion LLat qVJB DPPH radical-scavenging 

activity 1.54 ± 0.03 mg BHT/g lotion 1a'll'Uu11.:i~1'lJ11~(Jl1'U1L'Ual!a'll'U'11n'111G'ln~L'Liiit1n'1l.l 

Ll.la~l.lt'll 1l.lvl~w.i'U 11~ '11 n.:i1'U1..ijeidljm1l.lri.:i~1~.:i Ldt1V1~'1 tltJ ~1eiG'l.fl11::: L ~.:i heating-cooling 
c:-' CLI .:J A. II 4 '1 IJCLI ~ 1 II 

cycles LLatn11LntJ1n'l.~1Vl~ru'Vl3Jl.l'V1€1.:I 'U1'U 3 L~tl'U LLat ~~1tJfltLL'U'Ufl11lJV'l.:IV'l€1 '1~1'Un11 

m:::'11ei~1'llm 1ai'UtJ'U~1'VltJ.:i m1~l.IL'li1~~1'llt1.:i 1a'lf'U'Vl"'.:i1-b' m1l.l~l.l('U'llt1.:i~1V1"'.:i1-b' m1l.l~1J/ 
L~eitJL ilei'U'llt1.:i~1V1"'.:i 1-b' LLa:::m1l.IVi.:iV'lt11'11~ei111Jt1~'1 'U1t~ul.l1ni1.:il.l1nvl'l~ LLat \l.Jljmm11:::ri1ei 

LPi €1.:l'lltJ.:i ~1'Vl'1.:i 1-tl IJi''U'V!'U n11~~ (Jl ~~ (Jlzl ru'f!Laotl'UU 11.:i~1'll11~ (Jl1'U1 L 'U al!a'll'U'11n'111G'I n~ L tJii t1n'1l.l 

Ll.la~l.lt'll1l.IV'l~t1l.lu11'lfiru'1'll'U1~u11'l 120 ni'l.l Pit1 79 u1V1 LLat 1ri1.:im11..ijei1~ci1eiV1t1~t1.:ifi 

ri11l.li n 11~~(Jl1ai'Uu11.:i~1'll11~ m'U1 L 'Ual!ai'U'11nG'l11'1n ~L 'Li~ t1nt1l.l Ll.la ~l.lt'll1l.11 ~nu 

~tJ1:::nt1um11'11V1n'1~l.l"1l'ULLat~'1'U1'1~11tJ '<S1'U1'U 30 ri'U 

~el Lft'UeJLL 'U::L ;;~'U lvu1v ~el Lft'UelLL 'U:a ;l~i'!f1m1 ~eJLft'UelLL 'U::t'Um1-U1ltfl.fth:: lv'!fu 

l.l'Vf 11VIei1"'eim1ti'1'Vl'U ~'U 1eiu 1 ei LLa::: G'ltJtJ'1'4'U 1~t.i1 t1.:ifi ri11l.lf '11n~a.:i1'U1 ..ij eivllj~ n eJ.fl1V'I 

1'UL"ii.:!V'l1 ru"1J ei1 tJ1-b'1 'U n1ttJ1'Un11 L ~ eJ'U n11'1€l'U 11 lJ fi.:i n11 L~ eJ LL V'I ~IJi €1'11u11'1J::"1J'U 'Vl~tl 

~\J1::: nt1u m11 'UVf t1.:i~'UL vlt11 ~'11l.l11'11Jit1 eit1~t1.:ifi°~'11 n.:i1'U1..ij eiG'i m1~~(Jl 1 'UL "ii.:iV'l1ru'!lf! 1Jlt11 tJ LLa::: 
'IJ 'IJ 'IJ 
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m1ijtl1eN rlf111lJTI 'Vll.Jvi Lnfl'iil1n mttntJ~1tJ1~ E.J hJ L~ E.J LL vd'I. \J1U LL 'U'U Le:Jn~111"111 n11 'Vl~e:Jn11'iilfl 
v v 

e:JH~Vl~U \;11 L vJe:i L ~ Lfiflm 1lJ tl1'l'V!ti1Vl1~1"111 m1•1rn~tl' n1 ~ E.J LL"t~i'1~~1\JeUe:JlJ"Vl1~1"111n11 L ~tl'U • ... v 

l.l'V111Vlm'1v 611V1ftJ"lim~umLtJt 1um1'Vi11~v1Jie:i1 tl ~e:i m1ijm1~n~1iJ~;i'"l!ufl'lle:J~~11e:ie:in'lVI~ 
V11~L1"11611e:i1~ 1flv1iL~~e:i~lje:i1Lm1t'l.1~u~~ ~n~115m1~nflviLV1lJ1t~lJLflv"tL~vflmn~u L'liu 

.J '1 _, II .... • .J I U U ..i 4 _, 

1tE.JtL'l"1VIL'Vll.11t~lJ ~um1~nflfl'lE.J'l5 maceration 'il~'iilt"ll'lE.J"fl(;)tJ'Vj\Jfl1\JL~1e:J~lJe:J'lle:J~m1~nfl 

~11'11~ty'iil1mtlae:in'1l.ILlJ~fll.lt'll1l.11~mn~u LL"tm1~n~1m1L~l.l~11 synthetic antioxidnt 

L"li11tl1u~1-rtJLYle:i'!i1v-rn~1~11lJ~~\Jl11~~~~tJ 

3. \J\llAflfiilfl1'1:t1L\ll!.ILLa=u\llAflfiEfl1'1:t10·mq'l:t (Abstract) 

U I 

\J\llfllfl!Ji) 

~1tJ1~vdij1(;)'1U1t~~rl L Yle:i~n~1~"'lle:J~IJ11'Vi1" t"1 E.J (tl1 Le:JVl1\Je:J" LL"t LlJVl1\J e:J" • 
fl11lJLeUlJeU\Ji'e:iv"t 25 50 LL"t 75) LL"t15m1~nfl ~e:J n11~nfl~'lE.1~~\JeJ"(;)11'il1TU (tJ1\J 10 

20 LL"t 30 uTVi) m1~nfl~1v15m1mu LL"tm1~nfl~1v15m1LL"11"1.u\Jl1'Vi1"t"1v 1Jie>~ruf11-w 

m1~1ue>e:iniBLfliu'lle:i~~11~nflLtlae:in'1lJLlJ~fllJt'll1lJ 1flvm1(;)11'iil1L~11t'l.1tl~l.l1ru~11tl1tnm.J 

fJue:i" (total phenolic compounds) ~11tl1tne:itJvJ"111ue:iv~ (flavonoids) 1tl1LLil\JLV11'llmti~tJ 

(proanthocyanidins) C]V1t~1\Je.1'4lJ"fl~it DPPH LL"t']VltEJ'U~~ Le:J\J 1'lll.11 VI h~L \J~L \J~11~nfl 
L tlae:in'1l.I Ll.l~fll.lt'll1l.I ue:in'iil1ndir~ 1~~\JlltJ1~(;)1~1-rtJ 1"-tlut11,~Sl1'lJ11~(;)1tJ11 u~l!"iuviljm1L~l.I 

Q.I a.Id II ~ .cJ v 11 11 11 

~11~nflL u"e:ln\IJl.ILlJ"fllJt'll1lJV11tfl'U~'l1lJL'lllJ'lJ\Jie:JE.J"t 0 0.05 0.1 LL"t 0.25 LL"t\;11'l'iil 

1 L~11t'l.1~rufl1'V'l n11~1\J e:ie:i n~ Lflotl\J LL"t fl11lJ~~ IJi'1'lJ e:J~ ~~ (;)J1'ru'1vi~\Jll\J11~ 

~"m1~n~1-wtJ11 1tl1LLe:JtJ1 Vl1'llvTu~u L uu~11~1ue:ie:in~Lfl-tluvi-wtJmnvi~fl 1 u~11~nfl 

L tJae:in'1lJ LlJ~ fllJt'lJ1lJ LL" t~11~nflvi1~'iil1n\Jl1'Vi1"t"1E.J Le:JVl1\Je:J"fl11lJ L eUlJeUtJi'e:J E.J"t 7 5 ijtJ~l.11 ru 

'lle.1~~11LU1LLe:J\J1VI1'llmil~tJLL"tCJV1t~1\Je.1'4lJ"fl~1t DPPH ~~vi~fl ~11~nflvi1~'iil1nm1~nfl~'lE.J 

15m1LL"li1. u\Jl1"t"1E.Jvie:iru'Vlflij~e:i~ u1u 48 i1 Ll.I~ LL"t15m1~nfl~1 E.J~~ue)"(;)11'il11tl • v 

u1u 30 u1Vi ijtJ~lJ1ru~111tl1LLe:itJ1 Vl1'llmil~u ~11tl1tne:itJfJue:i" LL"tvJ"111ue:iE.J~lJ1nn11 

~11~nflvi1~'iil1nm1~nfl~'lE.115m1~\J LL"t~11~nfl~~mh1Ef~ijC]V1t~1\Je.1'4lJ"~~it DPPH LL"t 

flVltEJ'U ~~ Le:J\J 1'lllJ1VIL1~ L \J~~~n11~11~ nflvi1~'iil1n n11~ tlfl ~d E.J15m1~\JLL" t~11lJ1(;)1~1\Jel1~~~ ·1 v ... 

mflLLe:i~~e:i{un (4-8 Lvi1) LL"tn1fl1~~n (5-7 Lvi1) (;)1lJ6'1'1~tJ ~~tfu~~tl1~11~nflvi1~'iil1n15m1 

~nfl~1E.J~~ue)"(;)11'l!11tl u1u 30 u1Vi 1.u\Jl1'Vi1"t"1me:iV11ue:i"~11lJL"lilJ"!iui'e:iE.J"t 751tlLiLlJtJ 

~11e:ie:in'JV1tl tJ~(;)1~1fo 1"-tlut11,~Sl1'll11~(;)1u11ual!"iu!Jie:i1 tl 
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i:..ia m1~m~nm1~~'U1~\JI1~1~'U 1a'11''Uu11 .:iel1~'U-l11a'l1''Utl'1l:i Cl1vl~~'U 11~ii'tl'W1~ '1'4fl 1fil 

1:::~'U'U1 L 'W ~e:i 460-613 'U1 L 'WL1J\Jli LLa:::iil"l1~'!lilm1m:::lil1~'tl'U1~e:i'4fl1filU.a:::l°ITth:::~e:i'4fl1fil~1 

1a'l1''Wtl'11.:iel1~\Jl1~1~'U~L~1J'111'1fi'~~e:i~a::: 0.1 iif1rufl1~m11Ji'1'Ue:ie:in~L~'l1''U fil111Jfil.:1~1L~e:i1~ 
II' .-Cll . . d Cl.I .cil .Q ., .. 

m~15 heat1ng-cool1ng cycles 6 ie:J'U LLa:::m1Ln'U1m~nv1~ru'Vl.fJ1J'V!el.:l'U1'U 3 L~el'U LLa:::filt:LL'U'U 

m1V1~'1e:J'UV11.:itl1:::'11V16"1Jc°r'1'1.:in-l1~\Jl1~1~'U~'W 'We:Jnlil1nif'U.:11'U1~~iler.:i1~~m~11Ji''U'Vl'Ufl11i:..1~\Jl v v • 

1a'11''Wu11.:iel11 'W't11~'U11~ LLa:::m1d1~V1e:i~ L 'Vlf'l 1'W1a ~.:11'U1~~ i:..iam~lil1nm1~ n~1 L 'Uf'l~.:iil'LL'1~.:i t ~ 
L ~'U5.:i~n ~fl1~L 'U fl11L i'111'1 n~ L tl~e:i nt11JL1J~~1Jt:'tl11J L ll'ULL 'Vl~.:l'tlel.:1'11i!Ji'1'Uelelfl~L~'l1''UL 'U~\Jli 

~1~'U Lfil~el.:1~1'11.:1 !Ji'1'U~'liel ~ LLa t:U11.:I Cl'l'tl11 

ABSTRACT 

This research was aimed to study the effects of various extracting solvents 

(water and various concentrations (25%, 50%, and 75%) of ethanol and methanol in 

water) and different extraction techniques including ultrasonic-assisted extracting (for 

10, 20, and 30 min), stirring, and maceration methods on the antioxidant properties of 

tamarind seed coat (TSC) extracts. Total phenolic compounds, flavonoids, 

proanthocyanidins contents and antioxidant activity of DPPH radical scavenging 

activity and tyrosinase inhibition effect of the TSC extracts were evaluated. 

Furthermore, nanoemulsion whitening body Lotions were formulated with different 

concentrations (0, 0.05, 0.1, and 0.25%) of TSC extracts and tested for their 

antioxidant and stability properties. 

The results found that proanthocynidins was the dominating antioxidant 

components in TSC extract and the extract obtained by 75% ethanol showed the 

highest proanthocyanidin content and DPPH radical scavenging activity. Higher 

amounts of proanthocyanidins, total phenolic compounds, and flavonoids were 

found in the extracts prepared using the method of maceration at room temperature 

for 48 h and ultrasonic ultrasonic-assisted extraction for 30 min. The same extracts 

also exhibited the stronger activities of DPPH radical scavenging and tyrosinase 

inhibition than that of other extracts and standard references of ascorbic acid (4-8 

times) and kojic acid (5-7 times), respectively. Thus, the extract obtained by using 
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ultrasonic-assisted extraction for 30 min with 75% ethanol was then utilized as active 

component in the formulating of nanoemulsion whitening body Lotions. 

The results of the body Lotion formulation indicated that the body Lotions 

exhibited nanoparticle size (460-613 nm) with slightly values of polydispersity index 

(0.312-0.335) and surface charge (-33 to -36). Body Lotion formulating with 0.1 % TSC 

extract showed higher effectively antioxidant quality, stability capacity when 

performed by 6 cycles of the heating-cooling method and storage at ambient 

temperature for 3 months, and sensory evaluation score than other formulated 

products. In addition, production cost of the product in the bottle packaging and 

technology transfer were also presented in this study. The data of this study strongly 

support the suggestion to utilize the TSC extract as source of antioxidant 

biomolecules for formulation of anti-aging or whitening cosmetic products. 
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.:i1'Ui..ij'EJil1~-s'tJVj'UG'ltl'tJG'l'4'U'11n.:iuthtmruLL~'U~'U tl'jt1i1'1tl vua1. 2558 lJ'l·ni'Vlm~Ei 

'j1"1lfi!]~\l""'.:j~'j1lJ LL"t "tJ€l"tltl'lll"jtl.IG'ICl1U'Ui..ij' mL"t~~'U1 lJ'Vl1i'Vlm~ EJ'j1"1lfi'!J~\l""'.:j~'j1lJ t '\Jn1'j 

'lJ ~'Vf 1'j..ij~n1'j.:i1'\J i ..ij El LL" t"tltl"tltl'lll"j tl.IG'f 1"tl1i"!l1i'VI El 11311 G'I \Jl oS LL" t L 'VI~ 1'U1" g n1'jt)1'V11 'j LLfl t 

'lXei.:itl~tJ"ii m'jn"1.:i ~rut L VJ~ 1'U1" g m'jLm~t\Jl'jtJ1'Vl1'j t '\Jn1'jti'4L~'j1t\.1L~~ei.:iijmL"t"'m'Uvtl '\Jn1'j 

~1LU'U.:i1'Ui..ij'EJ 
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ABSTRACT 

This research was aimed to study the effects of various extracting solvents 

(water and various concentrations (25%, 50%, and 75%) of ethanol and methanol in 

water) and different extraction techniques including ultrasonic-assisted extracting (for 

10, 20, and 30 min), stirring, and maceration methods on the antioxidant properties of 

tamarind seed coat (TSC) extracts. Total phenolic compounds, flavonoids, 

proanthocyanidins contents and antioxidant activity of DPPH radical scavenging 

activity and tyrosinase inhibition effect of the TSC extracts were evaluated. 

Furthermore, nanoemulsion whitening body Lotions were formulated with different 

concentrations (0, 0.05, 0.1, and 0.25%) of TSC extracts and tested for their 

antioxidant and stability properties. 

The results found that proanthocynidins was the dominating antioxidant 

components in TSC extract and the extract obtained by 75% ethanol showed the 

highest proanthocyanidins content and DPPH radical scavenging activity. Higher 

amounts of proanthocyanidins, total phenolic compounds, and flavonoids were 

found in the extracts prepared using the method of maceration at room temperature 

for 48 h and ultrasonic ultrasonic-assisted extraction for 30 min. The same extracts 

also exhibited the stronger activities of DPPH radical scavenging and tyrosinase 

inhibition than that of other extracts and standard references of ascorbic acid (4-8 

times) and kojic acid (5-7 times), respectively. Thus, the extract obtained by using 
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ultrasonic-assisted extraction for 30 min with 75% ethanol was then utilized as active 

component in the formulating of nanoemulsion whitening body Lotions. 

The results of the body Lotion formulation indicated that the body Lotions 

exhibited nanoparticle size (460-613 nm) with slightly values of polydispersity index 

(0.312-0.335) and surface charge (-33 to -36). Body Lotion formulating with 0.1% TSC 

extract showed higher effectively antioxidant quality, stability capacity when 

performed by 6 cycles of the heating-cooling method and storage at ambient 

temperature for 3 months, and sensory evaluation score than other formulated 

products. In addition, production cost of the product in the bottle packaging and 

technology transfer were also presented in this study. The data of this study strongly 

support the suggestion to utilize the TSC extract as source of antioxidant 

biomolecules for formulation of anti-aging or whitening cosmetic products. 
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L 1fl'l.JLVlfJ'l.Jn'l.J~\Jl1Vl'Lll1'LI .......................................................................................... . 

4.6 LLG'll'l.:!'IJ'Ll11'lel'4fl11°1L\l~fl (Mean particle size) ~'llilm1mt\11fl'IJ'Ll11'lel'4fl11°1 (Pl) 44 

ioi1tl1t'l'l.J'Lle:i'4111l°l 1°11111V1ill'lLLatpH '!Je:i.:i i:ai'Lltl11.:i~1"1J11~\Jl1'Ll1 i: 'Lla2Jai'Ll\11n 

~ tJ"' v d .J v v v .I' 
G'l11G'lnl'IL ae:in'Vl11L11'11'11lt'IJ111Vll°l1111L'IJ11'1J'Ll1elfl'1t 0.05 LLflt 0.1 LL'1t~\Jl1Vl'Lll1'LI 
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4.8 LL61(;'1.:l"lJ'U1(;ltl11.f111°lL\l~EJ (mean particle size) ~'!lilnTrn1t'11EJ"lJ'U1(;ltl11.f111°l 46 

(polydispersity index) LLrttrhtl1t~tJ'Utl11.f111°l "lltl.:l Lrtttl'UU11.:!~1"1J11~1Jl1'U1 L 'U 

al!rti'U'11fi611161tl(;'ILU~tln'11.1L1Ja(;l1Jt"ll11J~l°l111JL"li1J"li'U~tlEJrtt 0.05 LLrtt 0.1 rltl'U 

(t=O) LLrttvta.:i heating-cooling cycles 6 1tltJ (t=6) Ltl~EJtJLViEJuntJ~1J11\f'U3j1'U ..... . 
4.9 LL61(;1.:lrl1~ L * a* b* "lJtl.:l Lrtttl'UU11.:!~1"1J11~1Jl1'U1 L'Ual!rii'U~ii'11161tl(;'ILU~tln'11.1L1Ja(;l 47 

1Jt"ll11J~tlEJrtt 0.05 LLrtt 0.1 nti'U (t=O) LLrttvta.:i heating-cooling cycles 6 1tltJ 

(t=6) ····························································································································· 

4.10 LL61(;1.:lfll11°1111Jvt\l(;'ILLrtt pH "1Jti.:i 1rii'Uu11.:i~1"1J11~1J11'U1 L'Uill!rii'U~ii611161n(;)Ltl~e:in'11.1 48 

L1Ja(;l1Jt"1l11J~tlEJrtt 0.05 LLrtt 0.1 nti'U (t=O) LLrttvta.:i heating-cooling cycles 6 

1tltJ (t=6) ..................................................................................................................... . 

tl
.,j tl I ... 'i U 'i .. U U JI 0 U .J ... 

4.11 LL61(;1.:ln11L r!EJ'ULL rt.:!1°1161 L * a* b* "1Jtl.:l ~rt'!l'U'U1 ~'Utl1Jrt'!l'U~IJ11Vi'U3j1'ULLrtt~IJ111Jl11tJV11J 52 
U tJ"" ll Q ll ...i I U d 

611161fi(;'IL rttlfiVj1JL1Jrt(;l1Jt"1J11J1tlEJrtt 0.05 LLrtt 0.1 L1Jtlt:.11'Un11VJ(;l61tltJl°l111Jl°l.:l!Jl1VI 

q, II 4 4 

~WVl.fJlJV!tl.:l 'U1'U 1 L(;ltl'U LLrtt 3 L(;ltl'U .......................................................................... . 

4.12 LL61(;1.:ln11L tl~EJ'ULL tlri.:iri1m11.1vt\l(;'ILLrtt pH "1lti.:i Lrtttl'U'U1 L 'Uill!rii'U~m\f 'U3}1'ULLrtt 53 

~1J11\J\'11'tJ~L~1J611161tl(;'ILU~tln'11.1L1Ja(;l1Jt"1J11J~tlEJrtt 0.05 LLrtt 0.1 L~tl~1'Un11 
QI.al • .., 4 4 

'VJ(;l61tltJl°l111Jl°l.:l!Jl1'Vl~WVl.fJ1JV!tl.:l 'U1'U 1 L(;ltl'U LLrtt 3 L(;ltl'U ....................................... .. 

4.13 LL61(;1.:lflltLL 'U'Um11.1Yl.:iVit1hi:.1~1JJ.ti'ru'fl1rii'Uu11.:i~1"1J11~m'U1 L 'U~l!rii'U'11n6111an(;l 58 

tl "" ... "' L rttlfiVj1JL1Jrt(;l1Jt"lJ11J ...................................................................................................... . 
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4.17 LLG'll'N~'U'VJ'Un11~~\Jl L"i'UU1~.:!Sl'l'IJ11~\Jli'U11'u~l!"-a''UG'l11G'ltl~Ltl~~n~11UJ~~11~'!J111... 63 

.:i-1 LLG'l~.:il°l~ LL 'U'Um111Viwrn L'iiJ'!J~.:l~L 'll1~111tln~u111L :a.:itJ~u1im1Ly;~cl1EJ'Vl~~L'Vll°l L 'U 1"~ 88 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



111~ 

1.1 LL~'l.J~.:imm.JLL'l.J1~11lJ~~"tltl.:l.:11'1.J1~f.J ..................................................................... . 
v ~ d 

2.1 '1fl~t:\Jt"tltl.:lli>lfllJt"tl1lJLL'1tLlJ'1~ ................................................................................ . 

2.2 ~1'111m.:i~~1.:IV11.:IL~ii"llt:i.:1~11'1..l'Jtfltl'IJ~'l.Jtl'1 .......................................................... . 

2.3 1~1.:1~~1.:l"tltl.:I flavonoids ........................................................................................ . 

2.4 1~1.:i~~1.:i"t1t:i.:i~111'1.Jfl~lJ flavanols ...................................................................... . 

2.5 1~1.:1~~1.:l"tltl.:1~11 proanthocyanidins 'Vl~tl condensed tannins ................... . 
4 Q.I ' 2.6 L~1tl.:l~fl~LL'IJ'U'lltl'VlflL'11'1 ....................................................................................... . 

2. 7 ~ ~ l'lfi ru'fi~~l.ltl 11 .:!~1'11 fl~11~ n~ LlJ~ ~lJt"tl1lJ~ii~1V1iJ1 f.J L '1..11'1'11~~1.:!'1.ht L VIP! ... . 

v '\.r· ., d ..I v111 .. vJI 4.1 ~11~fl~L '1tlfl'VJl.ILl.1'1~lJt"tl1lJVl~fl~ ~"il1fl.:11'1.J'J"ilf.J'l.J .............................................. . 

4.2 ~1 DPPH radical scavenging activity "tltl.:!~11~n~Ltl~t:ifl~lJLlJ~~lJt"tl1lJ: 

UAE, ultrasonic-assisted extraction; SE, stirring extraction; ME, 

maceration extraction; -n't:i\j'1LU'l.Jfl1Lt:l~f.J"il1flfl11V1~'1tl.:I 3 iJ1 (n = 3) LL'1t 

vov ""'""'(<) 'l.Jf.J~1~qjV11.:1~'11'1 p - 0.05 .................................................................................. . 

"M'll1 

3 

5 

7 

7 

8 

9 

10 

18 

35 

39 

4.3 ~1 tyrosinase inhibition activity (IC50) "tltl.:!~11~n~Ltl~t:ifl~lJLlJ~~lJt"tl1lJ: 40 

UAE, ultrasonic-assisted extraction; SE, stirring extraction; ME, 

maceration extraction; -n't:i\j'1LU'l.Jfl1Lt:l~f.J"il1flfl11V1~'1tl.:I 3 iJ1 (n = 3) LL'1t 

Q.I Q.I ILi .J 0 I II I Q.I I .al 

l'l'ltlfl~1.fl1~1tl.:!flq~Vlfl1'Vl'l.J~~1"tltl.:l"tltllJ'1LL~~.:1~11lJLLl'lfll'l1.:lfl'l.Jtlf.J1.:llJ 

V_JV """"(<) 'l.Jf.J'11~qjV11.:1~'11'1 p - 0.05 ................................................................................ . 

4.4 fl11Ln~~~fl"tltl.:!~11~tl~L tl~t:ifl~lJLlJ~~lJt"tl1lJL '1..1~1'11~1~'\J fai'l.J~l'11'1.J11 'l.J 43 
Q,QJ'QJ' 'JI.Ill d'OQ.I I 

tllJ'1"!l'l.J.fl1f.J bl'lfl'1tl.:1~'1V111Pl'l.Jfl1'1.:l"tlf.J1f.J 200 LV11 ................................................. . 

4.5 1'1i'l.Jtl1 1.:i~1"t111~m'l.J11 'l.J~l!i;:ii'l.J~L~lJ~11~n~ L t1~t:in~lJLlJ~~lJt"t11lJtl~lJ1ru 43 

~tlf.J'1t 0.05 LL'1t 0.1 ................................................................................................. . มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



4.6 L'IJ~eirnVieitJ'IJ~irnu total phenolic compounds (a), total flavonoids (b) 49 

LL!i'lt DPPH radical-scavenging activity (c) "lleJ.:I 1ai'IJ~\Jl~~'IJ~1'1J (control) 

LL!i'lt~\Jl~i;\'1~'UvlL~lJ'11~'1ni;)L'IJ~ein~lJLlJ~i;)lJt"ll1lJ~eJeJ!i'lt 0.05 LL!i'lt 0.11'1.J'!b.:i 

nei'IJ (t=O) LL!i'lt'Vl~.:im~vti;)'1eJ'Ul°l'l1lJ~.:i~1~1ei1fi heating-cooling cycles 6 ~eJ'U 

(t=6) ............................................................................................................................ . 
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.,j I .,..,j .. 11 () ... 
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... 
L\;'lel'IJ ......................................................................................................................... . 
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.,; 
'U'Vl'VI 1 

0 

'U'Vl'l.11 

1.1 fl111JL U'U111LLit::fl111Jfl1fl'l!'tliHU'l!'Vl1 

1.lt"!J11.I (Tamarindus indica Linn.) Lll'U'tl!~'U~'U"!Ji..n~mn:ifi-:i'll'U1~L'Vlqj ijmiLV'l1ttl\jn 

B Ei1-:i LL V'I ~'VI" 1 EJ L 'Uv1'U~111fl L 'Vli1 BIJl B'U~ 1-:i 1~EJ LuV'l1tB Ei1-:i ~-:i~-:i'Vl1~ Lfl EJ LLflt L V'l'lli\Jirua11.111'1~ii1J1 
1.lt'll11.11~1.11mlJ'Uel'U~'U 1 LLftt 2 "!JB-:itlitL'Vlfil ~€lijt1~1.11ru1.11nn11 60,000 LLftt 40,000 !Ji''U!Ji€ltl 

1J111.1gf1~tJ (m1.1'1-:1La~1.1m1Ln~1J11, 2546) Li!B"!JB-:!1.lt"!J11.1ijm1tJ~L.f11"1~-:11'Uitl'llB-:i~na~uflt 
""CV 'ti ti ti I ...i ...i:: ...i ti 

~ft!Jl.f1'1J't'ILL ii 'Vlft1Eli LL'U'U L'!l'U Ll"li€l-:1~1.l'U11.lt"!J11.I 1.lt"!J11.ll"l~n 'il€la LLfttLl"li€l-:I ~-:i1a 1.lt'll11J 

'1n1 i L ll'U mV111LLfltEJ1a1.1'U 1V'l1Y1''UiJ1'U 1~ EJija11V'lf'lruL 'U m1td1 EJ El B EJ 'iltJ "1.1 LLn-.1 B-:i ~~ L -nD 
~ . ·; 

LU'UEJ1it'U1EJ 'iltJLa1.1'Vlt LLfttu1~-:1LaB~ (Komutarin et al., 2004) L'UmttJ1'Un1iLLtl1it1vh1~ 

Ln~'llB-:iL 'VlaBvi'-:it 'U~tl"!JB-:i L tlaBn in~mLflt L1.1~~1.1t'll11.1~1'U1'U1.11n ~-:i'11'U 1 'Vlqjvi'-:iL ll'U'llEJt LLfltij 

tJ1-:iG11'U'Jn'U11tlL-tt'Lll'U~EJ 

L1J~~1Jt'll11J L ll'U'llB-:i L 'VlaBvi'-:i L 'UmttJ1'Um1 LL t11~t1 ~ii1J1.n'ru.,J1Jt'll11J B-:1'"1tl1t nBtJ'Vlfi'n 

"' .. ti"" Ill "' Ill I .r 'I Q Ill 
'll€l-:IL1Jft~1Jt'll11J 1"1€1 L ft€lm~1JL1.lft~i€JEJftt 30 LLftta1'U'll€l-:IL'U€l L'UL1Jft~i€1Elftt 70 

(Shakaracharya, 1998) ij11EJ-:11'Um11J111liJV'ltJa11~1'UB'4l;J"Ba1tvrft1EJ'!liJ~ L 'U'11'U'll€l-:IL tlaBn~1J 

L1J~~1Jt'll11J 1~LLn phenolic compounds, flavonoids, tannins LLftt anthocyanins 

(Pumthong, 1999; Gu et al., 2003; Tsuda et al., 1994) L~EJa11n~1J flavonoids ~V'IUL'U 

L tla €l n~1J L1J~~1Jt'll11JG11'UL vrqjtlw1J1ru-rBEJftt 73 L lJ'Ua11 proanthocyanidins ~€! 

procyanidins, (-)-epicatechin LLftt (+)-catechin (Sudjaroen et al., 2005; Suksomtip and 

Pongsamart, 2008) 'UBnli!1ni1'a11an~L1J~~1Jt'll11Jei'-:iij'1'Vlm 'Um1~1'UB'4l;J"Ba1t ei'u &-:im1Ln~ 
BBn~L~-e''U'llB-:il'lllY'U (Tsuda et al., 1995) LLftt~1'Un11Llil~qj'll€l-:!~ii'U'Vl~eJ (De et al., 1999) 

a11 phenolics LLftt flavonoids Lll'Ua11~ija11V'119l'1J'Vl1-:ILl"l~€l-:!ri1m-:i L~EJ'ti'JEJeJU&-:im1L~€11J 
aft1EJ'll€l-:IL'l!ft~ tlnU€l-:ln11L~€11J"!J€l-:1~1'VIU-:1~1Eln11vi1'VIU1~LlJ'Ua11~1'U€1'4l;J"Bait~Ln~lil1nm1 

mt~'U"!JB-:!i'-:i~~1 vi11~~1L~EJULi1EJ'U ft~m1el'matJ (Williams et al., 1999; Guardia et al., 

2001; Arct and Pytkowska, 2008) ei'u&-:im1aft1EJ!Ji'1'l1€l-:ll"l€lftft1Llil'U 'ti1m;l1Jm11'VlflL1EJ'U"!J€l-:I 

La€1~~1J1vr~m~EJ-:1~1 (Benevente-Garciia et al., 1997; Garg et al., 2001; Arct and 

Pytkowska, 2008) ~-:il1'nQn'U11J1LiLlJ'UG11'Utl1tn€ltJ"!JB-:ILl"l~B-:iri1m-:iu1~-:i L'ti'U moisturizing 

creams, skin care Lotion LLftt sunscreen 
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2 

1 'UD '1~'Li'U 1J1 a1~ L~~e:i-:1'1'1en.:i1~'ll eJ'll !Ji'1'11n~'U A'1~1J L Yi ei EJm L tl'U~'U A'1,j1 L tl'U'llei.:ia1J1~ LLatii 

LL 'U'l L U1Jn1-S'llmEJ!Ji'11°lei'U'll1.:i~.:i '11n'llei~a'llei.:i~'U~1"5' EJ n~m 1 'VIEJ (2552) V'l'll11tl-st L 'VIP11 'VIEJiiEJei~ 

,j'TWU1EJL~~'1.:!'1'1tn.:l.f11EJ L 'Utl'St L 'Vlfll~'1rl1'S'l1Jtl'St1J1tl.I 33,000 a1'U'IJ1'VI L~EJiim-stl'1L .ij'1~fi1J1fitu'1 

1a-tl'UU1'S.:1~1Fi~L U'U1J'1rl1'S'l1Jtl'St1J1tl.I 4,000 a1'U'IJ1'VI L~EJ LL U.:IL U'U 1a-tl'UU15.:!~b L vJei~'l'll111J'1rl1 . "' ~ "' 
2,000 a1'U'IJ1'VI 1a-tl'Uu11.:i~1~11 tl~ar11 1,900 a1'U'IJ1'VI LL'1t 1a-tl'Uu11.:i~bvliit1-st LEJ'lli1LilV'l1t 

~ar11 300 a1'U'll1'VI '1'1V1i"Ua1-san~Lll~~llt'll11lV'l'll11iim-st'li'~allt'U~~llu11.:i~bvlii,j1V1·t.hEJ1'W 

Vfei.:11J1a1~1'11.:itl-stL'Vlfll L"li'U day cream 'lleJ-:1 Ayurvedic (http://www.iherb.com) LL'1t day 

and night cream 'lleJ-:1 GERDA SPILLMANN (http://gerdaspillmann. wordpress.com) LL'1t 

eT.:i 'WV'l'll ~fi 1J1.t1 ru'1'll ei.:i 1'VIEivlii,j1V1t11 EJ t 'UVf ei.:i 1J1a1~ 

~.:ii!'U.:i1'U1 ..ij Eiil~.:i* L U'Uvl'1tPr n~115m-sa n~a1-seiei fi']'VIB'Vl1.:I L 'l'll'1'1 en.:inqlJ phenolic 

compounds LL'1t flavonoids '11mtl~ein~1JL1J~~1Jt'll11J LvJeitl'11tlL~lJ~ar11~1EJm-s~~'U1Ltl'U 

~fi IJlJl tu'flL'1-tl'Uu11.:i~1'lJ11 La~1Ja1-s!Ji'1'U'1'4~'1 aa-st 'U ei n'11nileT.:i 1~a~1.:i~ ~ L~'U 1 ~tl'll~fi!Jl.fi' ru'1 

~1m 'Vl~il~'U11 'Ualra-tl'UL vJei t ~a11J1-s'1LL "!l.:i'!i''U t 'UVfei.:11J1a1~ 1~ ~am~'11n.:i1'U1"5'EJd'1tL tl'U!Ji''ULL 'll'll 

1 'U m-s L ~lJ~a l°l1'1Jei.:i L 'VI~ ei~.:i'11nn-st'IJ'l'U m-s~fi!Jlllt'll11J~.:iiiei tj L tJ'U,j'1'U'l'UlJ1n~~fi1J1.n'ru'1vlii 
~ n El .n 1V'l t 'UL '8.:i n1'SA'1 a11J1'S'1tl'11 ti l'i '1El'1~'llEl1 El~~ fi IJ1 .n ru'1 ltl LL 'IJ'IJ ~'UvY.:ivl L tJ 'U '11'Vl1'S LL'1 t 

L~~ei.:i'1'1ei1.:i 1fil 'U ei'U1~1J1 'Uein'11nileT.:iL tl'U~n LL 'U1V11.:1V1ii.:it 'Um-s"li1 EJa~iJcyV11~1'U~.:1LL -;i~aeilJ 
LL'1t"li'lEJ~~'U1~nEJ.n1V'l'll'1.:!Un1"5'EJ '1.:iLa~lJ~'l11J~'l1JijeJ'St'V111.:iei.:i~m.n1~i'fjLL'1ttl'St'l11'll'UL'Un1~ ... 
"li1ElL~1J~1EJ1m ~LLrl~tl-stnei'Um~ ~'l1Ji1.:i"li1 El L ~1J~nEJ.f11V'l~1'Un1~LL "!l.:i'!i''U t 'UL ~.:i~~n'1 LLrltl~t L 'VIP11~ 

1.2 1'1qtl-a~fi.:Jfl'!Jil.:J lfl"a.:Jf11"a1~ti 
,4 ~ 4 CU 0 'f CU I "' II .-.. 

1.2.1 L V'l'1l"ln~1'll'U~'llei.:11J11V11ata1EJ LLata.n11t ~'Um-san~a1~1J1'1']'Vltin1-S1J11'U'1'4~aeia~t 

LL'1t']'Vltm-seT'IJ~.:i LeJ'U 1'111l1'VI1-s~L 'Ua'llei.:iL tl~ein~1JL1J~~1Jt'll11J 
1.2.2 L vJei~~'U1 la-tl'Uu11.:i~1'lJ11 La~1Ja1-s!Ji'1'Uei'42-1aaa-st~1J1-s'U1 l 'Ualra-tl'U'11na1-san~ 

ti
... Ill d 

L '1'1fi'\.11JL1J'1~1Jt'll11J 

1. 2.3 L vJeiV1~a ei'IJ ~111J~.:i i1'llei.:i 1a-tl'Uu11.:i~1'll11~1J1 -s'U11'Ualra-tl'U'11na1-san~ L tl~ein~lJ 
"' L1J'1~1Jt'll11J 

1.2.4 L vJei'Vl~aei'IJ m-s-st~1m~EJ.:1LLatm11JL .ij'1J~~1'1Jei.:i~fi1J1.n'ru'1n'llena1alr~~ 
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bl.!~ l'"ll.Jt"lJ1l.lvi'l m 'IJ nT'a'Vll'"l~ El.:! b tl'IJ?I 1Eli'IJ4l.Jt"ll1l.J'V!'l1'1Ji'IJ 4~'Vl'1.:1'11 n~ .:!'Vl1' 1'1 b V'l'll1\j1W Lb~~ 

1~n1'V!'IJl'1"11eiu b "lJ1J1"11ei.:inT~·1~EJ1J11l.lbb~'IJ~.:imm.J bb 'IJ1F111l.lfil'1 t '1Jfl1V'l~ 1.1 

~n~1"11iil'1"llei.:i~1vi1~t~1EJ 

1'1Jm1?1nl'1 

• C&I II 4.::::ril 

~n~1?1.fl11tn11?1nl'"ll'"l'lEJ'lG 

Ultrasound extraction 

- Total phenolics 

- Total flavonoids 
., ..... ., " 

fl11flflflL-uflilfl\11lL1Jflfl --+ _ DPPH radical-

~R1u1 la.Uuu11~6l1'tl11 

~.i1u1 t uEija-tiu 

scavenging activity 

- Tyrosinase 

Antioxidant qualities 
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... .. ... , 
1.4 a1111f!,11u'Ue~m11~EJ 

ii-s1EJ.:i1'U-wtd 1 L i.Ja ein~lJ L1Ja~1Jt'll11JL tJ'ULL V1a.:i'11~flJ'llei.:i'11-s~1'U El'42J"~"'-st phenolic 

compounds, flavonoids, tannins 1.1.rtt anthocyanins (Pumthong, 1999; Gu et al., 2003; 

Tsuda et al., 1994) 1~EJ'1Trntj1J flavonoids ~'W'UL'UL'Liaein~1JL1Ja~1Jt'll11J~'l'UL'VlqjtJ-st1J1W 

~ElEJrtt 73 LU'UG'l1'S proanthocyanidins (Sudjaroen et al., 2005; Suksomtip and 

Pongsamart, 2008) 'Ueim11ndG'l1-sG'ln~L1Ja~1Jt'll11Je'J'.:iiiq'Vlt1'Um'S~1'UEl'42J"~"''St 1.1."teJ'Uj.:im1 

Ln~eiein~L~otl'U'llei.:i1'lllY'U (Tsuda et al., 1995) '111 phenolics 1.1."t flavonoids Ltl'U'111~ii 

'11'S'V'l ~W'V11.:I L~~ei.:i'11ei1.:i LLrt tilEJ1Jil 11 tJtJ1t ~ n1Jl1 m 'U~~IJl.fi' ru'fl L~~ei.:i'11m.:i L 'Untj1J~~1Ju1;.:i~1 

1~ EJ"!i1EJ1 'LI m1Ei''U j,:im1L~El1JG'lrt1EJ'lleJ.:IL'llrt~ tJ nilei.:i m1L~El1J'llei.:i~1V1tl'.:i~1 EJ m1vi1V1tl'1~L tl'U'111 

~1'UEl'42J"~"'1t~Ln~~1nm1mt~'U'llei.:i~.:i~~1 vi1ti~1L~EJ'UL-0EJ'U ri~m1eYmG'l'U (Williams et 

al., 1999; Guardia et al., 2001; Arct and Pytkowska, 2008) eJ'Uj.:ln11'1"1EJ~'l'lleJ.:l~El""1L~'U 
1.1.rit"!i1m~1Jm11'VlrtLiEJ'U'lleJ.:!Laei~~1J1'Vla'm~EJ.:i~1 (Benavente-Garciia et al., 1997; Garg et 

al., 2001; Arct and Pytkowska, 2008) 'Uein~1nde'J'.:iY1'U~~1J1.fi'ru'1~~1JU1;.:i~1~ii~1'U~G'l1J'lleJ.:I 
'11'SG'lfl~LtJaein~1JL1Ja~1Jt'll11JL'UIJlrt1~~1.:!'Li1tL'Vllll~'lEJ 

~1nm1~n~1~ri.:i1'U1..ij EJ~ L~m.Uei.:i~1.:i ~ LL~'l'111J11'1 na'11fi.:i'Vlq~ij LLrtt'11J1J~ J1'U 1~11'111 

"'n ~~1 n L tJ a El n~lJ L1Ja~1Jt'll11Jii'111'V'l~ OJ'V11.:I L 1'11'11m.:i L 'U n11'11trt El ~'l 11J L~ EllJ'llel.:I ~'l'VIU.:I 1.1."t EJ'U j~ 
m1'1~1.:i L~ ~~~1LlJ"1il'U ~1 EJ m11J'111J1 -s'11'Um1~1'U El'42J" ~'11t ~.:iJ'U mei'U 1.1. 'U'l ~'l 11Jfl~'ll ei~ 
.:i1'U1..ijEJif ~ei m1~n~11~m1G'ln~G'l11eieinq'Vlt'V11.:IL'l'11'11m~ntj1J phenolic compounds 1.1.rtt 

flavonoids ~1 n L i.Jaei n~lJ L1Ja~1Jt'll11J LL"til11 tJ~~'U1LtJ'U~~1J1.fi'ru'11rt-tl''Uu1;.:i~1'l!11L'1~1JG'f11 

~1'UEl'42J"~"'-st~'1~1.:i.Uei 1~ L tJ~EJ'U'V11.:i m1f111 \1n'U ~~1J1.fi'ru'1~1EJ'U11 'UL 'Vl~ 1'LI1ri ~~.:i L tl'U1t'U'Uil1~.:i 

'11-S'StJ LL 'U'U'Vlii.:i~ n1~.:i 1~~'Um11JG'l'U h L 'U m1il 11 tJtJ-st~I n1J11 ollfl'U~~IJl.fi'ru'fl LG'l~1JG'l'llll 1'V'l LL"t~'l11J 
'IJ ~ • 

.:!11J L~EJ'111J11'1L~1J'Li'St~'Vlijll1'V'l'llEl.:!'111'11~flj ~111J~.:!~'l L1.rttn11~~~1JL~1~~'l'VIU.:!1~~~'U 
(Tharwat et al., 2004; Koroleva and Yurtov, 2004) 
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"" U'Vl'VI 2 

lJt"ll1lJ (Tamarindus indica Linn.) ~~'El~L'l.J'NPl Caesalpiniaceae ij5tJn1Lil~tmLm.J 

vi.:ivrn~1 LL iX.:i LL~.:l"ll'El.:i'Vl1tl LLmfim LLa:::m:::lil1~1 tit tJLLCltJa:::~tJml.l~m vr1lLm:::F11~tJ L u~tJ ua::: . ·~ ~ 

'V11t1Lm:S~ (Gibbon and Pain, 1985) ttJtl~tL'Vlfl1L'Vl~ijm~tl~nlJ:::"lJ1lJ€1~1.:ILLV'l~'Vlf!1~ ~.:ivr1~~ij 

m~tlanlJ1n~a~ 1~LLn LV'l"ll~, 1~ru La~ LLV'l~ LLattJF1~~1"ll~lJ1 (mlJ~.:iLa~l.lm~Ln\;'\Jl~, 2546) 
~ . ;; 

lJt"ll1lJ L tltJ 1~~tJ~tJ"lltJ1~na1.:iii.:i"lltJ1~ t vrqj ii~n\;'rutL lJtJ'Vl~.:l~lJ L tl~'Eln~1~tJij~J11J11aua:::1J1n 
a:::Ln~L lJtJ~'El.:IL~n ~ ffi tJLLtJtJ~'llJ L~~€1€lnLlJ'l.J~L~~.:ltl'l.J\J11lJn1'1.J tu ~'Elm lJtJ'!i€l"lJ'l.J1~L~n€1€lntJ~L 1UJ 

ti 
..: !!i 4 !'I .. .,j 4 !!i .,j .. "" 4 I II 4 

a1 ~ n.:i H nvr~m.JalJt"ll1lJ L utJ"lltJ~t:.Ja L~ ~'l'Vl~'EJH m~ ~'ll.Jfl n\;'rut nal.l 'Vl~'Elfil'EltJ"ll1.:lnalJ'Vl~'El LL tJtJ 

LLa:::iJnij~n\;'ru::: 1A'.:i ~1'1..l"ll'El-:1 L -d'€ll.lt"ll1lJ LL~a:::~tJ~ijF111lJ LL\Jl n~1.:intJ~.:i~ua:::~a ij~.:i~ij~avr11tJ 
tl

-3 'ti .,j,.3 ... t I ,K ... t' .. .. G G 
LLfltL ~m €1.:IFI ~:::n€ltJ'V1'11filqj tJa1'1.J"lJ€l.:IL'l.J€llJt"lJ1lJ Fl'El m~'V11~'V11~n LLf!t:lJLlJfl~ 1-10 Ll.Jfl~ 

~'El~n ;1'1.J'El~ntJF111l.lm1"lJ€l.:l~nLLa:::a1~~'1.J~ (.n1V'l~ 2.1) 

..I ... !!1 "' .n1V'l'Vl 2.1 an~rut"ll'El.:!Hnl.lt"ll1lJLLf!tL1Ja~ 

~111: http://www.karshakamitraagro.com/tamarind _pods.php 

., ..,j !!1 d II tl4 II d II I ,K t d 
lJ'l.JL.:11L11€1Hn1Jt"lJ11J~n LlJf!~1Jt"lJ11Jtl~:::n€ltJ~1m '1€ln'VJ11L1Jfl~~€l~f!::: 30 LLa:::a'ltJL'l.J'El 'l.JLlJf!~ 

II "ti ... ,K t G I 'f I 4 (endosperm) ~'El~a::: 70 €1.:IFI ~:::n'EltJ'Vlf!n"lJ'El.:IL'l.J'El 'l.JLlJf!~1Jt'lJ11Ja1tJ~'Vlqj Fl'El tamarind gum 

~.:1LlltJa1~ttJn~11 polysaccharides ~'El~a::: 65 ~1'1.J~L'V1~€1LlltJ1tl~~'l.J~€l~a::: 15-21 LLfltL'llirtJ~'El~a::: 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



6 

3-8 Ll°l1.:1~~1.:i'V11.:iLf'lii"t.Jt1.:i tamarind gum tl1:mt1u~1e.itl1\Jl1f!UJLflflflL~eJ1 3 "lfil~ fit1 glucose, 

xylose LLflt galactose (Shakaracharya, 1998; Goyal et al., 2007) 

L tJ ~tin ~lJ LlJ ~ ~lJ t"t.J 1lJ L lJ 'U LL 'Vlfl .:! ~ 1 ~ qj"t.I ti.:! ~11~ 1'U t1'42;! fl a ~1t1 'U nq l.l phenolic 

compounds (Pumthong, 1999; Gu et al., 2003; Tsuda et al., 1994) 1~mil'W1tt1~1.:i~.:i~11 

proanthocyanidins (Sudjaroen et al., 2005; Suksomtip and Pongsamart, 2008) 

'Ut1nliJ1ntlei'.:iii11e.i.:i1'U~tJ.:i:8'11~11~n~LlJ~~l.lt"t.11l.liiq'Vl~t'Un11e!u&.:irn1Ln~t1t1n~L~i'U"t.Jt1.:i1"t.JiJ'U 
(Tsuda et al., 1995) LLflt~1'Ufl11LliJ~qj"t.ltl.:l~~'U'Vl~~ (De et al., 1999) 

- ., Q .,, 

il~~amt1::nue.11'Vl'U~ 

~1vri!.:iLll'Ut11e.i1t"t.Jt1.:i~1.:ime.i~~lJer~nue:i1rnP1 i'.:i~ LLflt~.:iu1~~e:ilJ~'U uliJ~mvra1d 
1~mu"W1tt1~1.:ifil.:ii'.:i~~1 ( ~e:ie.if!t 80) L ll'U~1L 'Vl!Jl'Vlirn~vi1 t ~~1 Ln~rn1L~t1l.l~.ri1"Wvr~e:i~~1.:if111iJ 

L~e.ivr1e.inu~11~e.irn1mt~'Ut~Ln~t1'42;jfla~1t (free radical) LLfl:: reactive oxygen species 

(ROS) 'Vlfl1e.J"llil~Ln~~'U'U~L10.l~1 L'li'U superoxide anion (02), hydrogen peroxide (H20 2), 

hydroxyl radical (OH-) LLflt singlet oxygen (
1
0 2) ne:it~Ln~~fl11tLl°l~eJ~liJ1ne:ie:in~L~i'U 

(oxidative stress) ~ne:i t ~Lii~m1l.IL~e.ivr1e.inu~1 1~un hf'll.ltL ~.:i~1vriJ.:i fl11L~tll.l~fl1'W"t.Jt1.:i~1 
I cil .. If CU ~ • I 3 II II 

(skin aging) 11.:lfl1e.JlJ)t'l.J'l.Jfl1)1Jtl.:ln'Ul°l11lJLG'leJ'Vl1e.JliJ1ne:i'42;!fl€l~)tLLflt ROS L'Vlfl1'U~1e.Jfl1)~)1.:I 
A: .c::al4 ._ '1 ~cil.ci1 UC. II -. c« .-,. _ cJ... 11 

LlJ~~ i:.J1~11Ll.lfl1'\J'U LL flt Ltl'U ~ 'illJ'VllJ~lJ'U \Jl fl11\Jl1'U €1'42;jfl€1~1t 11l.lt'l.:ifl11'1.J1u11°ltl1'Vl11'Vll.1~11\Jl1'U 

t1'42;!fla~1t L'li'U 1\Jl1ij'ULtl 11Jnij'U~ 1\Jl1ij'Ua ~11tl1tnt1'1.J~'Utlfl LLfltLLl°l b)VJ'UtleJ~ LLfltfl11'V11 

~1~1e.ii:.J~\Jl.fi'ru'1~ii~11~1'Ut1'42;!fla~1tL~e:i-d1e.it1e:i.:in'Urn1Ln~.ri11tLf'l~e.i~liJ1ne:ie:in~L~i'U (Poljsak 

et al., 2011) 

II .,. ~ 

fl11f11'LlililfllllfLfl'U'LI 

~11e:ie:i nq'Vl~'V11.:i L 16ll~1m.:iiJm ll'U~11~1'U t1'42;!fla~1t nql.l~11~~1~tyii~.:id 
1) ~11tl1tnt1'1.J~'Ut1fl (phenolic compounds) ~~Lll'U~11~1'Ut1'42;jfla~1t~'WtJ1m'U 

... 3"' :'1 ...i.. ,J "' t ",, .. ... ,, ~ "' ,, 
511l.16ll1\Jl 'UtlnliJ1n'UeJ.:IL u'U~11'VllJ'U'Vl'U1'VlG'l1flqj 'Ufl11€1€lnq'Vlo\Jl1'ULL 'Ul°l'VlL 1e.J \Jl1'U n1~ \Jl1'Llfl11 

el'm~'U ~1'Ufl11LL ~ LLfltiif'lru~lJ'Um 'Ufl1)~fl1eJ~lJL~tl~ )1lJ~.:!Lll'U~11~1'Ufl11tltllJtL ~.:i LLflt'li1fl • 
fl~l°l'l 1lJ~'U Lfli1\Jl ~.:lf"l0.1~2.Jtm~.:i na11diim12.J~lJ~'U~n'Uf"l ru~lJ'U~ fl11L ll'U~11~1'U €1'42;jflil~1t 
Lf'l1.:i~~1.:i~11 tl"t.Jt1.:i~11tl1tne:iu~'Ut1fl tl1tnt1u~1e.i Lf'l1.:i~~1.:i~L ll'U1.:ie:it 11l.11~n LLfltiivr~LL 'Vl'U~ 

Lll'U'Vl2.JLH~1e:in~ t1~1.:itl'e:ie.i 1 vr2.l (fl1'W~ 2.2) (le:i.ri1, 2550) 
~ ~ 
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0-oH 0-cooH 
Phenol Phenolic acids 

.J '\" II .. tJ ~I 
.fl1Vi'Vl 2.2 ~1'11 ~1"11.:i~11.:iV11.:ILl"llJ'!leJ.:!~11 1:me:iun'U€Jfl 
.,j 

'Vll.11: Balasubdram et al. (2006) 

1uth1~'Li'UViU~11tl1:me:iuYJue:if!1.nnn11 8,000 'lfil~ 1uG11lJ'!f1~ uu.:iLtl'U 2 ntjl.11vrqjsi 

fie:i flavonoids LLflt non-flavonoids ~mL1"11.:i~~1.:iii~.:iLL~'lfil~~rn:lJLflflfl€1~1.:i~1EJ L'li'U 

phenolic acid, propanoids LLflt flavonoids 1tJ"il'Ufi.:i11"11.:i~~1.:i1Vi~LlJeJi~iuaHe:iu L'li'U lignins 

melanins LLflt tannins 

2) ~11 flavonoids (.fl1Vi~ 2.3) Ltl'U~11~iiu'VIU1'Vli''1i~'qi1um1tlntle:i.:im1L~eJlJ'!leJ.:i 

c:l1vrir.:i~1EJm1~1ue:i'4~"~~1:::u~L1ru6J1vrir.:i~Ln~"il1nm1n1:::~u'lle:i.:ii'.:i~~iLLfltiil"l11lJ~1lJ11citu 

n11~~iui'.:i~~1~.:i'lfil~~1tl (1"111lJEJ111"l~'U 280-320 'U1 L'ULlJl'l1) LLflt~irn (1"111lJEJ111"l~'U 320-

400 'U1 L'ULlJl'l1) ue:in"il1n-d'~11 flavonoids Ei'.:iiim1l.l~1m1ci~1ue:ie:in~L~iu~1EJnT~~unu Lfl'Vlt 

(metal chelating) '!i1EJEi'u8.:im1Ln~e:ie:in~L~i'U'lleJ.:I low-density lipoprotein LLflt nucleic 

acids zj,:itJijn~m~.:imh1iiuV1u1V1ri1~qitum1~1um1Ln~~11e:iEJ'!Je:i.:i~1 (anti-aging) '!i1EJEi'u8.:i 

m1ei'n L~U'!JeJ.:!6l1 'li1 El L~~l.Jn11L'VlflL1EJ'U'!JeJ.:IL~eJ~U~L1ru6J1vrir.:i ~.:it!u~.:i L tl'Un11fl~l"l11lJ L~EJ.:1'!1€1.:1 
n11Ln~ hl"lL~'UL~eJ~'!JeJ~ L'llfl~1fl~LLflt'li1m~lJl"l11lJL~EJULiJEJ'ULi1nu6J1 (Arct and Pytkowska, 

2008) 

5 

.fl1Vi~ 2.3 L1"11.:1~~1.:i'!le:i.:i flavonoids 
.,j 

'Vll.11: Balasundram et al. (2006) 

4' 

5' 
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~T';i procyanidins, (+)-catechin LLflt: (-)-epicatechin (.n1~~ 2.4) LU'U~11L'Untj11 

flavanols il'U'Vl'U1V1ri1~qittJm1t1e:i.:in'Um1Lii~L'1'ULae:i~~e:iEJ"UEJ1EJ~1 L'1'ULae:i~"Ue:i~ LLrt:::m1 

~fl1EJ~'l"lltl.:lfiltlrtrt1b"il'U (Arct and Pytkowska, 2008) Lbflt:"il1n11EJ.:11'U"lltl.:I Mantena and 

Katiyar (2006) ~'U11~11 procyanidins ~~n~"il1m11~~t1~'Uil']'VIBeJ'U~.:im1Lfi~e:ie:in~L~oH'U'U~L1ru 
~'l'Vltl' .:l"il1 n n11n1t: ~'U ~'l El~ .:1~~1 LL rt t:"!h EJtl ti.:! n'U n11~fl 1El~'l"lltl.:lfiltlrtrt1 L "il'U'U ~ L 'l C\J~'lvttl'.:i ~~iJ 

~nEJ.n1~t 'Um1tl'11 thJw~n{;11 oHb U'U~ii(;1J1'ru'1 b~~11e:i1vi11t 'Um1tJ nt1e:i.:1~11i11n LL~.:ILL~~vt~e:im1 

b~1lfl.:IL'U~ii(;1J1'ru'1Lfil~t1.:iri1m.:iu11.:1~1 L'li'U moisturizing creams, skin care lotion LLflt: 

sunscreen 

OH OM 

HO HO 
OH 

OH 
( + )-Catechin OH {-)-Epicatechin 

HO HO 

OH 

OH 

OH Oii Procyanidin 82 Procyanidin Bl 

.,j 'j II 'f I 

.fl1~'VI 2.4 Lfil1.:1~11.:l"lltl.:1~11 L'Unm.J flavanols • 
..I 
'Vl111: Nakamura et al. (2003) 

~11 proanthocyanidins (.n1~~ 2.5) LU'U~11~1'Ut1'4~"~~1t:51111"111~~~'U~f!UJ ~n 

~e:in'UJ bLrt:::LtJae:in'UJ lij~LU'U~11 phenolic compounds L'Untj11 flavonoids il~e:iL~EJn~'U~tl 

condensed tannins LLrt::: procyanidins vi1viti1~LU'U~11~.:i~'U"llt1.:i~11~vh-l.l1.:i LLflt:~11~LL~.:IL'U 
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HO 

'. ""' 
fl1'W~ 2.5 Lfl'j.:!~~1.:1'!.leJ.:IITT'S proanthocyanidins vr~e:i condensed tannins 
.J 
'V11J1: Nakamura et al. (2003) 

~1-S proanthocyanidins ii'l.l'U1VIL1JLa~a'l.lt.l1Vl1vrqj LU'U oligomer vr~e:i polymer '!JeJ-:1 

~1-S monomeric flavan-3-ol fie:i (+)-catechin LLa::: (-)-epicatechin ~.:leJ1'\JL~Em oligomeric 

proanthocyanidins (OPCs) 'l.lru:::~ procyanidins LU'U dimer '!JeJ-:1 monomeric flavan-3-ol 
,, 

~1-S proanthocyan idins ii~'j'S'Wfltl.l'V11.:I L1"lfri1m.:i LVIEJ'l11 El eJ\J Er.:im,\Jl1 EJ'!JeJ-:1 L'ifa~eJ·rni.J.:i ue:i.:in'U 
,, 

F1111.1L~EJvr1EJ'l.le:i.:1~1'\11nm-sm:::~'U'l.leJ.:1LL~.:1~11V1EJ-d1EJEruEr.:im-sLnV1e:i'42Ja~~,:::LLa:::-d1EJaV1tl~1.11ru 

L~Vl~ L1.1a1il'Uu ~ L 1 rueJ1vri.J.:i LL a::: Eru ~.:im,vi1.:11'U'!leJ.:I LeJ'U 1'ill1 tyros i nase ~.:ivi1vri!1m 'Um,~~1.:i ~VI 
~eJ1 (Phetdee et al., 2012; Thongmuang and Sudjaroen, 2013) ~.:ii!'U~.:iii~1'U-d1EJvi11~eJ1 
iim11.1'!.l111~ aV1-se:iEJ~1.:1~1\J'U~1vri.J.:i 1i;l 

u 11 • 
~11~~~~1'!lu~a11~1uu'4~aua1::: 

,, 
~1-stl-s:::ne:iu~'Ue:ia-s11.1Vi'.:ivJa111'Ue:imi'LLa::: 1 tl-sLLeJ'U L 'V11'i!EJ1il~'Uiifl111.1F1.:ii1 (stability) ~.:i 

1 'U-d1~~ruvr.1Jij~~1n-J°1 50 e:i~Pl1L'ifaL~EJ~ fl~i11i;l~1.11n 1'U~.fl11:::~L U'Un"SV1LLa:::L~e:i1.1~.fl1'W1i;l1nn 

1 :'1 I _J 4 I 4 I cil CV 4 G QI 1 ".J ... 
'U~fl11t:L u'UV11~'V11Jfl1'WLeJ"l!1J1nn'J1 9 LLat1Jfl111Jfl.:l\Jl1~.:IL1JeJLn\J'jffl~n 'l'Vl~tl.IVl.!Jl.l 4 LLa::: -18 

... ... ~ 1""" d ... 1" .J ... ... .. .J 
eJ.:IPl1L'ilaL'i!EJ~ LLat1Jn1'SLG'leJ1J~fl1'W VIL1JeJLn\J-sm~n 1'U1'U'Vl~tl.IVl.IJ1.l~~Ln'U 20 eJ.:lf'l1L'ifaL'i!EJ~ 'if.:! 

eJ1'\JLnV1'\11ntJ~n~me:ie:in~LV1i'U (oxidation) 1n1m1a~~ (hydrolysis) LLa:::1e:iL'i!L1Je:ihL'ili\J 

(isomerization) 1'U-s:::vr11~m-sLntJi'm~1 (Chang et al., 2006; Wissam et al., 2012) '!Jru:::vl 

-s1EJ.:11'U'l.le:i.:1 L 'U~ LLa:::flru::: (2551) -s:::'411~1-s1 tl-sLLe:i'U L 'V11'ilmil'Uiifl11~F1~i1~~LLl!e:i~'1tJ4tl'llu~ 
"" ..3 .J ... .. ... 

~1-sa:::a1mfl'jeJ.:1'11eJ1~'Vl~ruvr.Q1.l 50 e:i~f'l1L'ifaL'i!EJ~ 'U1'U 1 LVleJ'U 
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m1ati'~~1EJIJ11vi1a::a1EJ (solvent extraction) bU'Um11.1.EJna11tJ1'3'llU~t1t1mnna11 

t:.1a1J 1~Ei1 i!Jl1vi1a::a1EJ b ll'Ub 'Vll"lill"lvil iti''Uti~1'3bb -w~V1a1EJ 1 'U'Vl1'3 bl"lil~'U'Vl~EJ a11t:.1a1J~tl11J1ati'~ 

t11 "il b ll'U a11"il 1nt:.1~1J1J1ru'fi'5111J'll1 ~ a11"il1 n m1a-3 b1"111::,.,l 'U'1t1-3tJ~u~ m1V1~t1a11"il 1n 

t:.1~1J111'ru'1~1J1a1V1m11J m1ati'~a11~1EJIJi'1vi1a::a1EJm~EJalltJ°ii'tlt1'3n11vi1a::a1EJ'tlt1'3a11~~1'3ti''U 

1 'UIJ11vi1a::a1EJ'llil~~1'3 ~ a11t:.1a1J~tl11J1ati'~m"il b U'U'tlti-31.1. ~'3Vl~ti'tlti-3 b V1a1 'tlru::IJ11vi1a::a1EJvtl i 
ati'~"mtl'U'tlti-3b V1a1 m1ati'~a11"iJ1n'tlt1'3U.~'3 (solid-Liquid extraction) L~EJ~11tJ"nvi1 l \11Ji'1t1~1'3 

" ... I ... ... 1 "' !"1 .... .... Pl ~ " "" ..: .f ...i .... 1 "' ~ ... 'tltl-3 bb 'tl-3 bb Vl-3 nti'Ubba1 "il-3'1.J ~ VI b u'Ui:.J-3a t btl EJ~Vl1tlb u'U'll'U'tl'U1~ Lam 'Wtlb 'Wll'W'U'Vlt:.11 Vla1lJ11'1'11Ji:.Ja 

ntJIJi'1vi1a::a1EJ1~ll1n;i'mdt1ati'~~1EJIJi'1vi1a::a1EJvitiati'~ 1~EJIJ11vi1a::a1EJ~"nlm'Um1ati'~ 
1~Lbn ~b5tii Ll!Via'U!"latib~ l"latihvltiill titii:!Jl'U bbtianmrn~ bti'Vl1'Utia LHm'il'U V1~t1.J1 Ldtiu.'ti 

V1~t1~1J1tEJtV1~'3~'3mt1'3Lm'tlt1'3 Lb ~'3titin u.a::i11a11a::a1EJmm tJ1:: L VIEJ LmlJi'1vi1a::a1EJt1t1n"il::vi1 

1m~a11an~.ff'U~'U (crude extract) ~1'U'tlt1'3bb~-3~bV1~t1m"iJtl11tJati'~~ti1~~n 1'UtJ1'3mrut11"il 

an~.rr'Ubb 1n ~1 EJIJ11vi1a ::a1EJml.iil.ff1 rlt1'Utl11 tJa ti'~~1EJ IJ11vi1a::a1EJ~i1.ff1~'3;1'UIJ111J~1~'U 16d"ilt 

0 1 ~ II OI t II """" "" .,j O "tJ I 'f II ..I "" .{.J o "tJ V11 VI b~a11an~'tl'U1J1'U'Vl1Ja11t:.1a1JV1a1EJ'll'U~bllt1'U1 b bbEJn!Jlti"ilt b~a11V1tJ1'1'Vl5'il-3a11J11tl'U1 b 

1L1"111::,.,V1111"11'3a~1'31'U.ff'U~ti 1tJ 

m1ati'~~1EJ15'i!t1,.,ma1J1 (soxhlet extractor) bU'Um1ati'~a11"iJ1na111Jl1t1~1'3~1m!"l~t1'3 
., ( ..I ) "" .... .... Pl I ... ,J ... " ..I ... .... .... 

an~bb'U'U'iltima!Jl fl1-W'VI 2.6 'il-31Jam;rutbu'U'Vlt11.1.m.-,1V11tJtJ11~'tlt1'31.1.'tl-3'Vl1J1t1'3m1an~ llU.'tl'U 

'111-3VI~-3bf1ti1 mti'tl ti-3\Jl 1vi 1a ta1 EJ"il1 n'tl1 ~~ti tj ~1'U'11-31t b VIEJ;i'U~ ~1'U'U'U ~1'U~1'U'U'U"ilt~ tltl'U l"ltl'U 

G 6'11 11411 cJ:'I 1 11c:J :'I C:::.4'1 !LIO 1 

b~'Ub'iltl1 ~1'U'tl1'3€ln~1'UVl'U-3 b u'U'Vltlbbnd'Vl'tl~ b u'Uati-3'll'Ub1Jtl btl'tltl-31Jld'Vl1a ta1EJ 1"11'1.J I.I. 'U'U a-3lJ1"ilt 

II 1 .,j ' 0 111 I QI I '111 4 Ci1 Q.1 .- QI ..I O 
1"11-3 'Ubl"l1t1'3'ilt1V1ma1J1V11 Vlbb'!la111J11t1EJ1'3bt11 b1 b1Jt1a11a::a1EJ1J1t~'U~-3-Wt1"iltbn~1"1111J~'U'VIV11 

1 '1a11a ::a1EJi!'U 1 Via n~'U~'tl1~~'U~1'U'11-3 m1~ti'~~-3Vl~'Ub 1 EJ'U~m ~ti-3ti''U 16dvi1 l '1tJ1::V1Ei~ 
.... O O 111 .al CV '1 l/.ql II II ,8 ~ Q ..;J ILi '1 1 

1J11V11a::a1EJ1.1.a::V11 V1a11V1an~ b~lll"l111Jb'tlll'tl'U~-31J1n'tl'U 'Ut1n"iJ1n'U'tlt1'3bb'tl-3'VIQnan~"ilt bllQn 

1"1111J~ti'U~-3L vi1ti'tJm1~1J 1~EJIJ11'3 (Vill~L Y1ru. bLatil5m. 2554) 

amdltaf 

e4lllCtion dllMler 

thin'llM .... Siphonmlvn 

i e<tractionJDlvn 

~!Wk 

..I ..i ., ' 
fl1-W'VI 2.6 Ll"l1t1'3an~Lb'U'U'ilt1V1ma1J1 

..I ... '" ..... ( ) 'V11J1: 'Wll'WL'Wqj bLat'U5EJ1 2554 
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II '"""" Cll 3 Cll ~ I ' .,j ~ I I ... .,j ..I C11 0 

~111J 1ei'ULL~1e;n11~ n i;J'IJ1J n 1iJ::: b1J ~1J \! 1ruL'lJei.:i1iJ 1nb1J~eiEJ1J n 11 L~ a ei 'U'Vl'!I ei .:i ~1'VI1a:::a1 EJ 

.,j _3Cll1.f.,j4 1 OI d.. _30I 'f 
L1J ei~11'11 ~qi 'UL 'U mEJeJ't'l"!la :::a1 EJ eiei n1J1 'lJ1:::i;iuV1'U.:l1il::: Lni;i~111J~1J~a'!lei.:1~11'11~qi111EJ b 'U 

Lifm~ei-rl"11nu~Tvi1a:::a1EJ 'Vi1t~er~11m1~ni;i~11ri1~qiV1~eim1LL'rl~eiein1J1'!lei.:1~11ri1~qil'U~1vh 
... ~ ...... - ~- ! ..I 1" ... 'I ... ..I 11 ... ,3 ... .f .,j ... ' 

a:::a1mni;i bi;J"!l1a.:i '1.:1 ~L'Vl1J1t'Vl1ilt "!l~ni;i b'Umru'Vl~ei.:im1~ni;i~11'11~qi1il1m'UmEJei'rl"!l1il'U~1Juiru 

L ~ei.:i1iJ1n15m1~ni;iLL uu1J1L'ilm1'1Y'U~ei.:i1iL 1a1'U1'U ~.:iiim1tJ1:::~ n!Jlletl'ijm'ileii (mixer) 

'Vl~ei 1~ L1J~L 'UL'ileii (homogenizer) 1J1'111EJ'Vi11 ~L'ilaa-rl'!JLL~neieinnei'U'Vi1m1~ni;i L vJeiai;i L 1a1m1 

~ni;ia.:i IJiei1J1iim1~~'lJ11iL~EJ.:i~ii~111J~~.:1Ln'U 20,000 LH1~'11 ~11JL'Um1~ni;iL~EJn15d11 m1 

~ni;iel'a~11'i111tl (ultrasound extraction) LLl'i15V1~.:idm1i1'Vi11 ~Lni;im1L tJ~ EJ'ULL tJa.:i'!lei.:itl11 tJ L tl'U 

L 'rleiieiein L'il~ (peroxide) ~.:im'1ii~a \Jieim1~ni;i 'Uein1i11ndm1il Lni;itJfin~EJ1eiein~Li;i"IY'U 

(oxidation) \Jiei~111i;iEJ~1.:i L'rl11:::"tJru:::mim1~ni;iel''Um1'il11tl'Vi11~Lni;i'llei.:i11.:iLLa:::iimm111 

LL 'Vl1m .U11 tJ1 'U~1'Vi1a:::a1EJ 
m1~ni;i~1EJ~~'Uela~11'il11tl (ultrasound-assisted extraction) LU'Um1tJ1:::~n~1i 

~~'Uel'a~11'iJ11'U1'Un11~ni;i~11eiein1i11n~11~1ei~1.:iV1~ein'!le;111J'!l1~ 1i;iEJ~~'Uel'a~11'iJ11tl'll1EJ'Vi1 

1~ swelling index "t1ei.:1~1ei~1.:in'!J~LL~.:1Ldeiei~'1'U~1'Vi1a:::a1mni;i;f'U1~~n11m1m'U'Vl1.:ina 
'j' .,j Cll ' tJ II I Cll I .,j .,j OI n I 

e;111Ji;i1 b\;'IEJ~a'Ueia~11'i111'U1ilt 1:::neiui;i1EJ'!l1.:ieii;iLLa:::'!J1.:1"tJEJ1EJ L1Jei~a'Ueia~11'i111'U 'U'!l1.:l"t!EJ1EJ 

L~~ei'U~~1'U~1'Vi1a:::a1 EJ1i1:::'Vi11 ~ Lni;i'rlei.:i (bubble) "tJei.:1~1'Vi1a:::a1EJ"tJ'lJ1i;JL~ n~1'U1'Umn 1i11ni!'U 

Ldeivlei.:i 1~fu LL 1.:i1i11n~~'U L 'U'll1.:iel'i;i1i1:::'Vi11 ~'rlei.:ii!'ULL~neiein LL a::: Lni;i micro jet ~iim11JLL 1.:11J1n 

'1'U~11J11'1L1iJ1:::'Vi1a1 EJ ~ir.:i L'ilaa"tJei.:in"ll1~ Ldei~ir.:i L'ilaa"t1ei.:in'!JLL~neiein'Vi11 ~L ~1Jel'~11m101EJ L 'VI 

1J1a 1~~~.:i;f 'U 'Uein1i11ndm1'Vi11 ~"tl'lJ1i;J"tJei.:1~1ei~1.:i~~ei.:im1~ni;iL~na.:inei'Um1~ni;i'1:::'ll1m ~1J 
~'U~n11~1J~~nu~1'Vi1a:::a1EJ1~41EJ;f'ULLa:::Lni;iLLa:::m1'!1:::~11ri1~qieiein'11nL'ilaa~1ei~1.:i1~1J1n 
;f'U (Vinatoru, 2001) 
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L~EJ~11 tJnTrnn~a11~1tJ€1'42;Ja~a1:m~11 phenolic compounds L'litJ flavonoids, 

flavones, flavanols, proanthocyanins LLat tannins 21'nt-H1Jhvi1ata1EJatJ'Vl~eJ L'litJ LlJ'Vl11.JeJa 

LeJ'V111.JeJa LeJGaeJt~L\Jl\Jl LLat~1vi1ata1EJ~li.ff1~1 L'litJ LHnL'l!\J eJtm\JltJ ~aeJ h~eJilJ llL\JliLflEJlJ 

~L'VleJi 'Vl~eJ~Toh.JeJtJL\Jl\Jlit~aeJh~ (Alluri et al., 2009; Ramamoorthy and Bono 2007) 

'111~11.J €1'42;! a~ '11 t21' ntJ it n eJ'U ~<J El '11i'V!a1 EJ'l!-U ~~vi 1.:J 11.J L'1~lJ ntJ ~ .:j'i\) tlitJ it~'VlG.fl 1~ ~.:) t 1.J n1~ 
... .... .... 
\J111.JeJeJn'l!L~'l!1.J 

11EJ.:J11.J"tleJ.:J Yilmaz and Toledo (2006) LLat Jayaprakasha LLat~rut (2001) ~u11 

t ... ., ... ... 1 ' t .... J. ... 
m1 'l!LeJ'Vl1tJeJa LLat LlJ'Vl1tJeJa L "tllJ"tltJieJEJat 100 lJL 'VllJ1t'1lJ 1..1m~an~a1~eJeJnC]'Vl15'V11.:J'll1.fl1~ 

n~lJ phenolic compounds 'i\11m11~~eJ~tJ LLat~u11m1~a11nuJ1t1..1~1vi1ata1EJatJ'Vl~eJ-d1EJ 
11..1m1an~a11t1..1n~11 phenolic compounds 1~mn~1..1 11EJ.:J11.J"tleJ.:J Yilmaz and Toledo 

(2006) e'J.:i~u11 m1~a11J1t1..1LeJ'Vl1tJeJat1..1-d1.:i~eJEJat 30 - 50 a1m~Clan~a1~ phenolic 

d I 1 "·I"" t II Cll .., .., 111 I cil .., II II ""' .I compounds 'i\11m11a~eJ~tJ ~u1111ru naL~EJ.:inmLatan~ ~mnm1'Vl~t~um1lJL"tllJ"tltJ€11.J 'l!.:J 

aeJ~~'1eJ.:inu~am11:5'EJ"tJeJ.:iLn!Jln11 LLat~rut (2555) ~~u11a1~an~LlJ~~eJ~tJ'i\11meJ'Vl11..1eJa~a11 

J1t1..1"'~'°'11..1~eJEJat 20 LLat 40 litJ~111rua11 phenolic compounds 11iLL\Jln\Jl1.:in1..1 LLIJilitJ~mru .. 
mnn11a11an~'ii11nLeJ'Vl11..1eJaL'li11'li1..1~eJEJat 100 LLat~u11m~t-H~1vi1ata1EJL11'Vl11..1eJa~a11nui.11 

-d1El11..1m1an~a11 phenolic compounds 'i\11nLlJ~~eJ~tJ 1~~n11LlJ'Vl11.JeJaL 'li11'li1..1~eJEJat 100 

L-d1..1n1..1 L~EJm1~a11J1t1..1LlJ'Vl1tJeJa~eJEJat 20 a1m1Clan~a11 phenolic compounds 1~~.:in11 
~1vi1ata1m11'Vl11..1eJa~a11J1~eJEJat 40 m1lJL u1..1.ff 1 (polarity) "t1€1.:J~1vi1ata1m tltJu'i\1:5' EJGf 1~cy.yj 
vi1 t m~tJ~111rua11a n~ "!jij~ LLattJ~111rua11~11.JeJeJn~L~itJ~LL\Jln\Jl1.:in1..1 L~EJ~11 tJa11 phenolic 

compounds n~11vlii hydroxylated aglycone forms 11..11~1.:ia~1.:i111n21'nata1EJ1~m1..1~1vi1 
' .cJ cil ~I 1 ..:J.ci1~ cv ILi 11111 " ata1mLeJa nmrna "tlrut'V1'111 uitneJ'U ntJeJan~lJ'VllJ"tl1lJn~nan~eJeJnlJ1 ~~1EJ1..11 (Arts and 

Hollman, 1998) 

n11'1 n~'111~11.J €1€1 n~ L~itJ L 1.J L tJileJ n'111 LlJ~ ~lJt"tl1lJ'11lJ1~Clvi11~'Vla1 EJ1G L 'litJ n1~'1 n~ 

~1EJ"tleJ.:J1'Vla1nq~~.:iEJ1~ (supercritical fluid), shaking extraction, soxhlet extraction LLat 

solvent extraction 1~EJ~1vi1ata1EJvlt'li!.1..1m~an~li~.:iLeJV111..1eJa LlJ'Vl1tJeJa LLateJtm\J11..1~a11J1 

LL at m1'Vl ~'1€1'UCJ'Vltm~~11..1€1'42;Jaaa1tt1..1a11an~ L tJileJn'111 LlJ~ ~lJt"t1111vi1 l~V1a1 Ei15 1~ LLn 

DPPH radical scavenging activity, ABTS cation radical activity, ferric reducing antioxidant 

power (FRAP), linoleic acid emulsion system LLat tyrosinase inhibition activity (\J11~1.:ivl 

2.1) LLIJiat151 L~11ti.1li~1111'11L ~1tlJieJa11LL\Jln\Jl1.:in1..1 1~EitJn~LL'11m1\J111'i\laeJul1'n'i\lta~tJ~a'i\11n 
' ' .. 

V1a1 Ei15~111n1..1 L ·ifavi1 t ~~am1'Vl~aeJuli~1111~n~eJ.:i~.:i~1..1 
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LU~eJn~lJLlJ~~ 

lJt'!J1lJ'lll11'U'!JeJ~ 

L'VlEJ 

&'111..1'!Jt1~ pericarp 

13 

supercritical extraction epicatechin 

soxhlet extraction ~1EJ - total phenolic compounds, 

~1vl1'1t'11EJ~'V11'Wtl'1 proanthocyanidins, (+)­

catechin, procyanidin 82, (-)­

epicatechin, procyanidin 

trimer, procyanidin tetramer, 

procyanidin pentamer, 

procyanidin hexamer, taxifolin, 

apigenin, eriodictyol, luteolin 

U'1t naringenin 

Luengthanaphol 

et al. (2004) 

Sudjaroen et al. 

(2005) 

-·· .. ---·-·--................. - .................. ____ ,, __ ,,,,_,,, __ ,,, ____ ,_,, __ , .... , _______ .. ,_, _____ .. _,, ___ ,, ___________ _ 
.1"" " Q L u'1tln'V!l.1Ll.1'1~ 

lJt'!J1lJU'U'l.J~~U'1t 

u~~ 

~ti'~~1EJLlJ'V11'UeJ'1 

eitil!Jl'W~~lJJ1 
L '!il.l'li'Wi'e!EJ'1t 70 

total phenolics, tannins, anti­

DPPH radical activity, ABTS 

cation radical scavenging 

activity, ferric reducing 

antioxidant capacity U'1t 

linoleic acid emulsion system 

Siddhuraju 

(2007) 

···········-······················--············· ····---.. ·································································-·---········--·----··-···---·-·····---------------
L 'IJ~ein~lJLlJ~~ . Shaking extraction ~1EJ procyanidins U'1t epicatechin 

lJt'!J1lJLtflEJ1 ~1vi1'1t'11EJ~'V11'Uel'1U'1t 

Lel'V11'Uel'1 

L'll~ein~lJLlJ~~ ~tl~L'W shaking water - ferric reducing antioxidant 

l.lt'!J1lJ'!leJ~l.11L'1L;iEJ bath ~~1111t 40°c 1..111..1 capacity 

LU~eJn~lJ~~~ 

lJt'!J1lJ 

12 'li'1w~. 6o0 c 1..111..1 6 

'li'1w~ U'1t 100°C 'l.111..1 

15 'UTVl 

soxhlet extraction 

-total phenolic compounds 

tyrosinase inhibition activity, 

antiflammation activity 

Suksomtip and 

Pongsamart 

(2008) 

Khairunnuur et 

al. (2009) 

Thongmuang 

and Sudjarroen 

(2013) 
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.q .-iu .J I a.14 II c:i: al II • • 

l.111 EJ.:11'Un111'1 El'Vl1ttp1 Lu aelnVJl.l Ll.Jfl ~lJt'll1lJ u1tnm.J ~1 EJ'11wn n LL 'Vl'U'U'Ul.11 nCl.:i 

~elEJflt 32 -<S1LL'Un1~Lll'U phloba tannin ~mmt 35 vlLvi~mtl'U catechol tannin '111 phloba 

tannin Ltl'U'111"lJU~L~EJ1tl'Utl'lJ condensed tannin L~eN'11mdel~lJtl'lJm~LL~11'1~tnel'U~LL~.:I 

L~Elff"J1 phlobaphene Vl~el red tannin 1~1.:1&1~1.:i'llel.:I condensed tannin 'l.J1tnel'lJ~1EJ 

'111~a111'UelEJ~"lJU~ flavan-3-ol ~eltl'ULll'U'11EJEJ11 (~1~ LLflt~rut, 2522) 

Tsuda LLflt~rut (1994) 11EJ.:11'Un11V'l'lJ'111 proanthocyanidin '11EJEJ11U1'Una1.:i L'U 

• • I'°' ., I ... ,. ., 'I ..I ... ...i... ,. ( 
LlJfl~lJt'll1lJu1lJ1ru 29.32 ml.l~eln Lfl ml.I L'U'lln.lt'Vl'rl'lJLL 'Vl'U'U'U'VllJlJ1fl LlJ Lflflfl~-:1 polymer 

tannin) L'U'l.J~lJ1ru 101.89 ni'lJ~eliiLani'lJ 'Ueln'11n-d'11EJ.:11'U'llel.:I li'~~~LLat1lJ~~ (2554) 1~vh 
m1V1~'1eltJ'Vl1.:i L~m 'U'111'1n~L 'l.J~eln~lJLlJ~~lJt'll1lJ 'rltJ'1111 'Un~lJ~a111'UelEJ~ 1~EJ'rltJ'11-s 

proanthocyanidin "!JU~'11EJEJ11 mnvl~~Rel~elEJflt 39 'llel.:IL'l.J~elmlJ~~lJt'll1lJvl.:ivilJ~ LLatm1 

CV II II II II .J .-. Cl 01!:'°111 

'1n~mmel'Vl1'UelflL'lllJ'll'U1elEJflt 60 'Vl~CUVIJJl.l 60 el.:!Pl1L'l!flL'l!EJ'1 'Vl1 LVI L~'111 proanthocyanidih 

"!JU~'11EJEJ11lJ1nvl~~LLflt.:11'U1"5'EJ'llel.:I m1tllmi (2542) 1~11EJ.:11'Un111L~11tl1'Vl1.:IL~ij'llel.:1"'11 

'1tl~L'l.J~eln~lJLlJ~~lJt'll1lJ 1~EJ1L~11tl1m1~~n~'ULL'1.:iei'a~11b 1elLfl~ (UV) LLflt~'U~11L1~ (IR) 

'rltJ'"i 1'111~1'U el el n~ L~i'UL 'U '111'1n~'11 n L 'l.J~ el n~lJ LlJ~ ~lJt'll1lJij1~1 .:i '1~1.:i L viiJ el'U'111 

proanthocyanidin '11EJEJ11'1.J1'Una1.:i (oligomeric proanthocyanidin) L'UUJ~~el~'U 

L'111~ni;.ru LLat Shinmoto (2548) ;lni;.1m1'1n~'111~1'UelHlJfl~'1-st'11mu~eln'1lJLlJ~~ , " . 
lJt'll1lJ L 'l.J~ EJ1 ~1 EJ ~1 vi1a ta 1 EJ ~'U'Vl~ei ru ~ ruvi JJii ~ 1-:i ~ 1~ EJL-ti~1.:i ~1 'lJ fll.l ~ ruviJJii LL~ t 
~1.:imtJfllJ~ruviJ;Jiivlijm1~'U'1t L Viel'U~1 EJ~~'Uei'~~111'1!un 1~Eivi1m1;lni;.1 L u~EJ'lJ L vtEJ'lJtl'lJ trolox 

'rlu11 m1'1n~'111~1'Uel'4~fl~'11t~1EJ~~'Uei'~~111'1!un vl~ruviJJii 40 el.:!Pl1L'l!a L~EJ'1 1~Ei1-ti 

LlJ'Vl1'Uel~Lll'U~1vi1at~1EJij')'VIBn1"5'~el'4~~~"'1t DPPH LLflt reducing power 'llrutvl'111'1n~ 1~ei 
1-ti'LelViflelt~L~~UJLL'1~.:l')'VIBm1~1'Uel'4~fl~'11tLdel1~~1EJ1~ DPPH radical scavenging activity, 

ferric reducing antioxidant power LL~t ferrous ion chelating ability 

1'UL~.:ILL~tm.:I')~ (2554) ;lni;.11"5'EJL'l.J~EJ'lJLvtEJ'lJ')'VIB'llel.:ln11~1'Uel'4~fl~'11t'11n'111'1tl~ 
0 14 ,, A olJ' 'i" ,,, II II II I "' 

L u~elnVJl.lLlJ~~lJt'll1lJVl11'ULLfltlJt'll1lJLu1EJ1 L~El L"l1Lel'Vl1'UelflL'lllJ'll'U1eleJ~t 100 'rl'lJ11 '111'1n~ 

'11nLU~eln~lJLlJ~~lJt'll1lJLU~EJ1 iji.J~lJ1CUYl'Uel~el~'1.'U'!i1.:i 0.233 ± 0.001 fi.:i 1.09 ± 0.04 

1lJ 1~1ni'lJ'1lJ~a nu gallic acid ~.:imnn11'1.J~lJ1ruYl'Uelfl'11m 'l.J~el n~lJ LlJ~~lJt'll1lJVl11'Uvl'rlu 

phenolic compounds el~'1.'U'!i1.:i 0.04 ± 0.006 fi.:i 1.06 ± 0.009 hi1~1ni'lJ'1l.llJfltl'lJ gallic 

acid LL~t'11nm1L 'l.J~EJ'lJL Vi EJ'lJ')'VIB~1'Uel'4~~~'11t DPPH 'rl'lJ11'111'1tl~'11nL U~eln~lJ LlJ~~lJt'll1lJ 

L 'l.J~EJ1ijl"hn11EJ'lJ ~.:1'111 DPPH lJ1nn11'111'1tl~'11nL 'l.J~eln~lJLlJ~~lJt'll1lJVl11'U ~.:!'1lJoW'UGtl'lJ 
• I'°' • I ~I ..I 'I • I ... II • • IJ' I 'I I ... 
u1lJ1C\J'111u1tnel'lJ n'Uel~'Vl'rl'lJ L'UL uflelnVJl.lLlJfl~lJt'll1lJ L u1EJ1lJ1nn11 L 'UlJt'll1lJVl11'UelEJ1.:llJ 

'IJEJ~119qj'Vl1.:1'1tl~ 
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-:11tJ1~EJ'!Je:i.:itl'tJVi~1 bbatrirut (2556) 1~G'ln~G'l1i~1tJmH1a~G'lit"il1m tl~e:in'11.1 bl.I~~ 

l.lt'!J11.1vltl~ n L 'W ~.:i'Vl1~bV'l'tli\jioJV1a1ElG'f1 EJi'IJ4 1~ bbn l.Jt'!J1l.l'Vl11'Wi'W4~vrn.:i'Vltl' n l.lt'!l1l.J'Vl11'1J 

i'IJ4~vm.:i b \J1 l.Jt'!J1l.J'V111'Wi'W411l~'tll.J~ l.Jt'!J1l.J'Vl11'1Ji'IJ4i'IJ~ bb'1tl.Jt'!J1l.Ji'IJ4b tl~EJ'l er n°ct~'l El 

i;l1vi1ata1me:iV11'We:iab.U1.1"1ltJ~e:iEJat 70 vl~ru'VIJJii 60 e:i.:i1111brt1ab~EJG'I bU'IJb1a1 24 'li'111.1.:i G'l1iG'ln~ 

m~Qnil1l.J1it b V1EJi;i'1vi1at'11EJ€1€Jn~1 El bl°l~e:J-:lit b 'VIEJbb \J\J'1~1°111l.J~'IJ vi11 m~~a~iilJlG'l1iG'ltl~'VIEJ1\J 

Fi~b U'IJ~e:iEJat 22.31 1~ ml1V1tl'n b tl~e:in'11.1b1.1~~l.lt'!J1l.lbb~atG'11EJi'W4iitJ~mru'!le:i.:iG'l1i1 'Wntj1.1 

total phenolic compounds 111ri11l.Jbb1J1n~1.:in'IJ ~e:itlitl.110.I 748 mg GAE/g extract bbatii 

'l'VI~ DPPH radical scavenging activity ~.:in1111J111i'IJ~ (a-Tocopherol) 3.14 bvJ1 L~EJii~1 
half-inhibition concentration (IC50) bvJ1ntJ 53.42 11.1Lriini'1.1~e:iiiaiiii1J1i -:11'W1~EJifi~il1G'f1'j 

"'n~ b tl~ e:i n'11.1 b1.1~~1.1t'!J11.11.11i~'IJ1 b ll'W~ii !JI.ti' ru'fi" bG"1~1.1mV11i~1 EJ151Jle:in er~ b tl'IJb~~ 

.:i1'1J1~EJ'!le:i.:i Nakchat bbatrirut (2014a) 1~;1n~1n1iG'ln~G'l1i~1'W€1'4l;J'1~G'lit"il1mtl~e:in 
II d I.I :;' II II II II I cu ... II d 

\11.I bl.1'1~l.Jt'!J1l.J m EJ'W1ie:J'Wbbat be:J'Vl1'1Je:Ja b '!ll.J'!J'Wie:JEJat 70 V'ltJ11G'11iG'ln~"il1m tlae:in\1l.1Ll.Jfl~ 

l.Jt'!J1l.J~'l'IJ L 'Vlqj L U'IJG'f 1itl it ne:itJ;i'IJ €1'1 bb'1 t LL 'Vl'Wil'W L~EJ n1iG'ln~~1EJtl1~€1'1Jvi1Lm~tl~l.J1ru 
tl 

~I Cit, I ..,., 111111 ...I .,., 
G'l1i it ne:iun'IJ€1'1 bL'1t LL 'Vl'IJ'IJ'IJ~.:im1miG'ln~~1 EJL€J'Vl1'1J€1'1 L '!ll.J'!J'Wie:JEJflt 70 '!JUJt'VIG'11iG'ln~"iJ1n 

"' Le:J'Vl1'We:JaL"ll1.1.UtJ~e:iEJat 70 iitl~mruG'l1i proanthocyanidins ~.:in11miG'ln~~1EJil1~e:i'IJ bbflt 

V'l\J'l'Vl~~1'W€1'4l;J'1~G'litvl1~~1EJ15 DPPH radical scavenging activity, superoxide anion 

scavenging activity bb'1t hydrogen peroxide scavenging activity L'IJG'l1iG'ltl~Ltl~e:in'11.1Ll.J~~ 

n1i ;i mfl1Gn1iG'I n ~G'f 1 i~1'1J €1'4:1J'1~G'lit"il 1n L tl~ e:in'11.1 Ll.J~ ~l.J t'!I 11.1ii n1i L .a'i;i'1vi1a tfl1 El 

~'IJ'Vl~EJ1 '1Jn1iG'ln~~.:i J1 L€J'Vl1'1J€1'1 Ll.J'V11'1J€1'1 bb'1t Le:iViae:it~LIJllJl bb~€1~1-:I h~IJl1l.JeJ.:j 11iV'ltJi1EJ-:11'1Jvl 

.. !3 tl.. .. tl ;;i .. CV 0 .. .. ' I .t I CV ... CV .s. 1 "' 
l.Jn1il"lfi~1 L iEJ\JL 'VIEJ\J it'1'Vl1l.111V'l'!J€1-:11Jl'l'Vl1'1t'11EJ€1'1J'VliEJL 'Vl'11'1J€JEJ1-:l'tl~ L"il'IJ -:!1'1J'l"il EJ'IJ"il-:1 ~ 

;1n~1L tl~EJ\J L VlEJ\Jl°l11l.JG'l1l.J1i'1 L 'IJn1iG'ln~G'l1i~1'1J€1'4l;J'1~G'lit"il1n L tl~e:in'11.1 Ll.J~~l.Jt'!J1l.J'!J€1-:li;i'1vi1 

'1t'11EJ~'IJ'Vl~el ~€1 L€J'Vl1'1J€1'1LoUl.J"!l'IJ~€JEJ'1t 25 50 LL'1t 75 Ll.J'V11'1J€1'1L"lll.l"ll'IJ~€JEJ'1t 25 50 bbflt 75 
~ ...i "I "' .... ... .... 0 ..,j "I .... 0 .... 1tl 

bb'1t'IJ1 L V'le:J b 'VIG'f 1l.J11'1fl~ L'1 €1 fi1Jl'l'Vl1'1t'11 EJ'VI L 'Vll.J1tG'll.J b 'IJ n1iG'ln~ bb'1tG'f 1l.J1i'1'1J1G'l1iG'ln~ 
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lgtiuu11~il1'tJ11 

1'1i'Uu11.:i~1'lJ11 (whitening lotion) Lllm·.J~1J1.n'ru'flvl-d1EJu11.:i~1LL'1tvi1t~~1'lJ11;1''Uij 
~n~rutLtl'U~lT'1i'Uvlel~L 'UltJLL 'l.J'l.J 1'1i'U ijl"l'l1l.J'Vl-U~~1 L ~el.:!'11nij1'1J1.f111"l.f11EJ'Ueln 1'Ui.J~l.J1ruvl\'l.:i 

LL'1t1\Jl.f111"l.f11EJ1'UijtJ~l.J1rubJLn'U~elEJ'1t 35 UEJl.J~ii1J1t'UltJ'llel.:l~lJ'1otl'U oil in water (o/w) L~'l1t 

~el.:itetin'l.J~'l'VltJ.:l'l.J~L 1run1'1.:i Lyjel t ~vn41EJLL'1tn'lt'11EJel~1.:l~'lfi.:i 1iiL 'Vl'Uelt'Vl'Ut LL 'Vl'lfi~l.J~~'l L~~ 

LL'1t~1.:leleln41EJ 1~EJ~11 tJ LL~11'1i'Uu11.:i~1'1t\J'ltnel'l.J~'lEJ'11'lvlvi1V1i!1vlV1~n ~el 

1. '11"al.JelEJ'llL'1elhL1i1eJi (moisturizer) ~ela1"avlvi11~Lfi~l"l'l1l.J~l.Jtl1LLn~1V1i!.:i vi11~~1 
elel'U~l.JLL'1tg~'Vl~'U~ L'li'U glycerin, propylene glycol LL'1t urea Lll'U~'U 

""' .. ' ) ell .cil o II ,cil 4 .- ..I .. l.f l&I f 
2. '11'aell.Jel'1L'1 EJ'U'VI (emollient l"lel'11'l'Vl'V11'Vl'U1'VILl"l'1el'l.J~1 L ~el1Jel.:lfi'Un1'l'lt L 'VIEJ'llel.:l'U1 

LL'1 t n1'a~ qi L~EJJ1 elel fi'11 n~'l'VltJ.:I LL flt EY.:ivi1'Vl'u1vl-d1 EJ'Vlfl el~'U~1 t ~~1 elel'U~l.J i11Gll.Jt:ra L-d'U 

mineral oil, petrolatum LL'1t squalene Lll'U~'U 

3. a1"aD'lLl.Jl"lLL'Vl'Uvl (humectant) ~ela1"avlvi1V1i!1vl-d1EJ-Sn~11"111l.J1"1.:i~1t~LLn~ii1J1.n'ru'1 

LL'1t'li'l EJL ~l.Jl"l'l 1l.J~l.J:ff 'UL~ LLn~'l 1~ EJ n1'a~~l"l'l1l.J:ff 'U'11 fiel1n1flll.J1i.J nl"l~l.J~'l ~1el~1.:I L-d'U 

propylene glycol, glycerol LL'1t sorbitol Lll'U~'U 

'Ueln'11ntTl'Um"a~.:l\'l\Jl"a~1-Srni1Ltl'U~el.:itetl'a1"a~'U-d1EJL~eltV1"1~Lll'U~ii1J1Ji'ru'flvlijltJLL'l.J'l.J\Jl1l.J 
~el.:ln1'a L~LLn '11'avi1~lJ'1otl'U '11'aL~l.JLdel '11'aL~l.Jl"l'l1l.J'V1-U~ '11'atl'UL~EJ '11'aLL~.:I~ n~'U LL'1t'11'a 

-d1m~l.lm1l.J1"1.:1~1~1.:i1 ~.:i1'Um"a~~\Jl'1t1eti''Vl~nm"aL~EJ'ln'l.Jm"a~~\Jl~lJ'1otl'U~11tJ ~el LLEJn'V1'1ell.J 

'1t'11EJ1'1J1.f111"1tl1LL'1ttl1lT'Uvi~ru'VIJJljtJ"atl.J1ru 70-75 el.:lfl11L811'1L~EJa '11ni!'Utl1~.:i 2 1\Jl.f111"ll.J1 

~'1l.J'1'ULll'ULdm~EJ'ltl'U vi11~L~'U L~l.J~LL'1tn~'U LL~'l'l.J'a'a~L'U.f11"!l'Ut (-nl.J~'a, 2547) el~1.:ihn\Jl1l.J 
m"atl1Lm~~1J1.n'ru'fltl11.:i~1l.J1~al.Ja1"avi11~~'l'll1'l (skin whitening agent) 1~Lll'UvliJEJl.Jl.J1n1'U 

U'1~U'U L ~"a1t t 'UGl.:11"1l.Ja11 Lm "1iEJiJEJl.Jm"aij~1'lJ11 ~.:ivi11 ~LL'1~atm~1J11 a~ taLL'1t 1~~L~'Ul.J1n t 'U 

n1'a L "li'1Gl.:11"1l.J 1~ EJG11'avi1 L ~~'l'll1'leJ1'1'Vll.J1EJl"l'l1l.J'a'll.J 1 i.Jfi.:ia1"aLl"l~ el'l.Jl"l~l.J~'l '11'atlel.:!tl'ULL'1.:I LL~~ 

'11'a'1elnL'il'1~~'l LL'1t'11'aeJ'l.J&.:iLel'UL'il21tyrosinase1~EJ~'l.J'J1'11'aeJ'l.J&.:iLel'UL'il21 tyrosinase Lll'Uvt 

- 'l II' cil 1 llc::ll Clt. QJ II II .- If I .cil.t1:11 J. QI I -. ~ 
'UEJl.J b"!ll.J1n'Vl'1~ LL'1t ~l.J.:11'U'l'1EJl"l'Ul"l'l1'Vl1'11'a"!l'U~ b'Vll.161 'Vll.J'l'Vlfl~.:ln'111Ln~'ll'Ul.J1nl.J1EJ (Briganti 

et al., 2003) LL'1t'1'l'UL'Vlqj~'l.J11a1"a flavonoids Ltl'Ua1"avi1~'11n5'a'al.J"!l1~~nn~l.J'Vltl.:ivtih1EJ.:11'U 

11 L tl'Ua1"avlijq'Vl~eJ'l.J &.:iLel'UL'il21 tyrosinase LL'1t 1~~ntl1l.J1tetin'Uel ~1.:i LL ~~'Vl'11 EJt 'U~ii1J1Ji'ru'1 
Ll"l~el.:iri1m.:1LL'1tEJ1 L'li'U quercetin, kaempferol, ellagic acid LL'1t gallic acid (Lee et al., 

2004; Zheng, 2008) 

'Ueln'11ni!'Ua1"aL'Un~l.J phenolic compounds LL'1t flavonoids eY.:iija'a'a~f'lrut'Um'l 
~el~1'U'Vl~eln1'a"!lt'1eln1'aL~ell.J'llel.:l~'l'VltJ.:I ~.:iija1LV11Jl~1nn1"aL~ell.J'llel.:l~'l'VltJ.:I (skin aging) '1.:i~'1vi1 

L ~ Ln~~'l 'ael EJ L ~ EJd ~'U'l.J'U~'l'VltJ.:I ~'l'VltJ.:l'VI EJ1'1.J n~1'ULL'1 t'Vl~el'UEJ1'U '11 L 'Vl\Jl'Vl~fi"llel.:ln1'aL~ell.J'llel.:I L'if '1~ 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



17 

~Tv1tl'.:i ~€! i:hi~EJ.f11EJL'U (intrinsic aging) LLatU"1~EJ.f11EJ'U€Jn (extrinsic aging) 1~EJU"1~EJ 
"I 4 tJ"" tJ .. ... ... .J "" ~ .,j .. .: I II "" .: .n1EJ ~'U ~€! nT'H aEJ'ULL a.:i'lltJ.:1~1'Vl'U.:llJl1l.J1EJ'il.:IL lJ'U'1.:i'V1Ln~'ll'UtJEl1.:1'!11 ~ L 1J'U~al.J1"11nm~l.l1n'll'U 

'Vl~tltl1"1 Ln~"11 n'W''U~n"51l.J~1EJ ~.:!~ Ln ~~'UFltl ~1'Vltl'.:i.ff 'U'Vltl'.:!LL VI LLatV1tl'.:in1'Wi'1"1ttJ1.:la.:i tJ~l.J1CU 
~€Jaa1L"1'ULLat~a1'1~'U .n1EJt~~1a~a.:i IJ!tJl.J 1'lll!'U LLat!JltJl.JL 'Vl~tJvi1.:i1'UutJEJa.:i vi1 t \1~1V1tl'.:1LL \1.:ia.:i 

LLa tii~11€1 EJl.11 n~'U ~1'UU "1~EJ .n1 EJ'U €Jn~€Jn11 L tJ~ EJ'ULL tJa.:i'lltJ.:1~1'Vltl'.:i~ii'11 L 'Vl!Jl n1t~'U"11 n 

~.:ILL1~~€Jl.J L"li'U LL'1.:ILL~~ m1'UtJ'U~hiLViEJ.:i'WtJ ~1'U'4~ LLat'111L~ii LU'U~'U ~.:i~.:i~avi1t\1~1V1tl'.:i 

L~tJl.JntJ'U1EJ ~.:l~L~'U1~i~nFitJ~1'V!tl'.:!L~EJ1~'U ~1'VIEJ1t1ni'1'ULLatihtJEJi;i1.:i~1tJ'U~1'Vltl'.:i n11L~tll.J 

'lltJ.:i~1V1tl'.:i"11n~.:i 2 il"1~ EJ-d'~1'U 1 'Vlaj L tl'U~am"11nm1mt~'U 1'l1Ln~'111€J'4~a€i'11t'1t'1l.J.n1EJ L 'U 

~1.:imEJ "1'Uvi1t'l1Ln~.n11tL~~EJ~tJ€Jn~L~i'U (oxidative stress) LLatntJ1'l1Ln~m1l.JL~EJV11EJt'l1nt1 
., ., 

L'ila'1.n1EJL'U~1.:imEJLLat~1V1tl'.:i ~.:itl''U'111~1'UtJ'4~a£i'11t~.:iiit1'VltJ1'Vlri1~tyL'Um11JltJ~1'ULLatei't1ei'.:i 

m1L~€Jl.J'lltJ.:!~1V1tl'.:i~ii'11L'Vl!Jl"11ntJ'4~a£i'11tL'Vl~1'd'L~ (Jenkins, 2002; Giacomoni and Rein, 

2004; Wulf et al., 2004) .:i1'U1~EJ-d'~.:iiim1l.J*V11'.:i~"1ti11LtJ~tJn~l.JLl.J~~l.Jt'll1l.Jl.J1'1n~'111€JtJn 
q'Vltn~l.J phenolic compounds LLat flavonoids L~tJtl11tJ'W'\JlJ'U1LU'U~~IJl.ticu8111ai'Utl1~.:i~1 

"I ., ... ""... ... ., ... 
'll11 LL 'Vl'U n11 ~ '!1'111 L~l.J'Vll.J~a L'1 El LLat ~a'll1.:I L~ EJ.:ll.11 nm El 

11EJ.:11'U'll€J.:I Mukherjee LLat~rut (2011) 1t'lfl1n11~1'U€J'4~a£i'11t~tl~L1CU~1'VIU.:1"1t 

"li1m'1€l.:in'Um1~f1!L~ml1'lltJ.:IL'ila'1~1V1tl'.:i tJm'1€l.:i~1"11nm1vi1a1EJ'lltJ.:ILL'1.:ILL~~ LLat'li1EJutJ.:in'IJ 

m1 Ln~~11€J EJ'lltJ.:!~1~.:i~a 1 \1~1~~'ll.n1'W~LLat~tJ'ULEJ11 ri1V1~t1q'Vlt lipid peroxidation 

inhibitory activity i.J.:i~Ci.:im1l.l'11l.J11'1 L 'Un11UtJ.:ltl'Un11Ln~tJ€Jn~ L~oU'IJ'lltJ.:I 1 'lll!'U L'U.ff 'IJLl.Jl.JL tJ1'1J 

(membrane) 'lltJ.:IL'ila'1~1V1tl'.:iul€Jl~~tJm1mt~'U"11n~.:iLL1~~€Jl.J ~.:iif'Um1'V11~1~1EJ~~1J1.ticu9i~ii 
~1'U~'1l.J'lltJ.:1'111~1'UtJ€Jn~L~i'U'Vl~tJn11~t1tJ1t'V11'U~~1J1.ticu9i~ii~1'U~'1l.J'lltJ.:!'111~1'1JtJ€JntijL~i'IJ"1t 

"li1EJL'Um1u€J.:in'Um1Ln~~11€JEJ (aging) ~Ln~"11n.n11tL~~EJ~tJ€Jn~L~i'IJ (Briganti et al. 2003; 

Lau et al., 2009) 

ii11EJ.:11'Um11~EJ~L~m'll€!.:int1m1'111'1n~LtJ~tJn~l.JLl.J~~l.Jt'l11l.JLl.J~~1tJtm'IJ~~IJl.ticu9i 

L~~tJ.:iri1m.:i 1~EJ Lourith LLat~rut (2009) 1~~mn1fim1'1n~'111~1'U€J'4~a£i'11tn~l.J 

phenolic compounds L'ULU~€Jn~l.JLl.J~~l.Jt'll1l.J'lltJ.:!1'VlEJ 1~EJ1-a1fi maceration L'UL€J'V11'U€Ja~'1l.J 

J1m1l.lL'lll.l'!l'UoftJEJat 70 LLat partition ~1EJ1~~atJhiiL'Vl'ULLatLtJViatJt~LIJllJl LLati11'111'1n~1tJ 
tJ1t~n1J11'1it'U1ai'Ua~~11€JEJ~IJl1tl1'Ul.J (milky base Lotion) L'U1J1a1~\Jl1.:itJ1tL'Vlfllii~ii1J1Jicu9i 

.:sl ,J -='-=' I CV tJ4 II d 0 I I 

L~1tl.:1'11tl1.:l'Vll.J'11'1J~'1l.J'll€l.:1'111'1n~L a€Jn"ll.JLl.Ja~l.Jt'll1l.J"11'Vl'U1EJ L'll'U day cream 'lltJ.:I 

Ayurvedic (http://www.iherb.com) LLat day and night cream 'lltl.:I GERDA SPILLMANN 

(http://gerdaspillmann.wordpress.com) (m'W~ 2.7) LLatei'.:ihl'Wt1~~1J1.ticu9iL~~€J.:iri1m.:i~ii 

~1'U~'1l.J'll tl.:1'111'1 n~ L tJ~tJ n~l.J Ll.J~~l.J t'll1l.J~1'VIU1EJ L 'UVl tJ.:llJla1~'lltl.:IU1tL 'Vlfll1 'V1EJ 
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.cJ .Q. cu , ..::it o .- QI a .ci1 .. o • 'l • • 1 fl1VW1 2. 7 t:JftlJlflO.llflfl'l'1J'U1,.:lt:J1,11n'11'~'1MlL1Jft"1Jt'll11J'V11J1il1'Vl'U1EJ ~ 'Ul11fl1"1111.:I u'l'tL 'Vlfll 

~111: http://www.iherb.com; http://gerdaspillmann.wordpress.com 

'lJ1 luE,jfl-ti'lJ (nanoemulsion) 

L tl'IJ~l!ai'U~il'll'U1"'VIEJ"fl'4fl1flL~mJ~'1. 'U'111.:i 20-500 'U1 L 'UL1lm il~n'lirut 1 tJ~.:i1'1'Vl~fl 
1 tJ~.:iLL'1.:IL~fl1lfl.:1~1EJl111L tJf11 L ~fl.:i1il1nil'll'U1"'VIEJ" L~n111n L 'IJ'l't~'U'IJ1 L 'UL1ll11'l' 'U1 L 'U~l!ai'Uilm'l' 
Ll11~EJ1J 3 15 ~fl (1) LL'U'U'W~.:i.:11'\J~.:I (high-energy) L'll'IJ 15 high-speed homogenizer, high­

shear stirring, ultrasonic emulsification, high-pressure homogenization (2) LL'U'U'W~.:l.:i1'U 

~1 (low-energy) L'll'U phase inversion temperature (PIT) method, the emulsion inversion 

point (EIP) method LLftt (3) LL'U'Ut:J'11l (combined methods) oVfl~'llfl.:l'U1L'U~l!ai'U ~fl 

~l!ai'Uil'll'IJ1"'V!El"~ L~ n111n-vi1 l ~ilm'l'Lfl~fl'IJ~LL 'U'U'U'l'1TUL UEJ'U (Brownian motion) ~.:1'111 EJ 

Ufl.:ltl'IJ m'l'..s''U n~11 n'U'llfl.:l'VIEJ"fl1EJ L 'U~l!ai'U LL uu ~'U nL9u 1~ (flocculation) 'Vl~fl m'l' Ln" m'l'..s''U nq11 
., 

n'U'llfl.:l'VIEJ"fl1 El L 'U~l!ai'ULL 'U'U~'Un~u 1111~ (coalescence) 'Ufln1i11nuei'.:i~.:it:Javi1 l ~'IJ1 L 'U~l!ai'U 'W 
Lfi"m'l'LLe.in.U'IJ (creaming) LLat111n111tnfl'U'l't'Vl11.:im'l'Lnu~n'li1 LLat'111m;l11m'l'~11~1'U'llfl.:I 
'11'l'~1~qj L .V-1~~1'Vltl'.:i 1~~;1'U L ~ fl.:11il1 nil'll'U1"'V!El"fl'4fl1fl L~n'111J1'l''1 LL 'W~n'l't1il1EJ'U'IJSl11~~ LLftt 

'111m;l111"1111Jfl.:1~1'llfl.:1'11'l'~1~qjfl1EJL'Ut:J~l1111'rulf11~ (Engels et al., 1995; Koroleva and 

Yurtov, 2004; Patrick et al., 2004; Tharwat et al., 2004; Ee et al., 2008) 
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3.2 i!tln-aruLLft:afl~il.:Jilil 

"" \J'Vl'VI 3 

1.1.1. bfil~m UV-Vis spectrophotometer (Evolution 201 UV - Throm Scientific, USA) 

d II II 0 ® 
1.1.2. bfil'rn.:ie:itlbb'V!.:ibb'l.J'l.Jfll.J,-e:i'U (Hot air oven) (Memmert , Germany) 

1.1.3. bfil~e:i.:i-B'.:i (Mettler toledo ®, Switzerland) 

® 
1.1.4. Water bath (Memmert , Garmany) 

1.1.5. pH meter (Mettler-Toledo®, Switzerland) 

1.1.6. Colorimeter (Chroma meter CR-400, Konica Minolta, Inc., Japan) 

1.1.7. Brookfield viscometer (model DV-11, USA) 

1.1.8. Rotary Evaporator (Buchi, Switzerland) 

1.1.9. Ultrasonic (Elma, Germany) 

1.1.10. Particle size analyzer (Zeta PALS, ZetaPAL ®Brookhaven instruments corporation, 

New York, USA) 

3.3 fl1"a"LfliJ 

3.3.1 Folin-ciocalteus (Merck, Germany) 

3.3.2 Gallic acid (Fluka Biochemica, Buchs Switzerland) 

3.3.3 2,2-Dipheny 1-1-picryhydrazy (Fluka Biochemica, Buchs Switzerland) 

3.3.4 Butylated hydroxytoluene (BHT) (Sigma-Aldrich, Germany) 

3.3.5 Ethanol (Merck, Germany) 

3.3.6 Methanol (Lab-scan, Thailand) 

3.3.7 Sodium carbonate (APS finechem, Australia) 

3.3.8 Medium chain triglyceride (Phisanuchemical, Phitsanulok, Thailand) 

3.3.9 Jojoba oil (Phisanuchemical, Phitsanulok, Thailand) 
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3.3.10 Silicone 350 (Phisanuchemical, Phitsanulok, Thailand) 

3.3.11 lsopropyl myristate (Phisanuchemical, Phitsanulok, Thailand) 

3.3.12 Cetyl alcohol (Phisanuchemical, Phitsanulok, Thailand) 

3.3.13 Steric acid (Phisanuchemical, Phitsanulok, Thailand) 

3.3.14 Aracel 165 (Phisanuchemical, Phitsanulok, Thailand) 

3.3.15 Stearyl alcohol (Phisanuchemical, Phitsanulok, Thailand) 

3.3.16 Span 80 (Phisanuchemical, Phitsanulok, Thailand) 

3.3.17 Propyl paraben (Phisanuchemical, Phitsanulok, Thailand) 

3.3.18 Glycerine (Phisanuchemical, Phitsanulok, Thailand) 

3.3.19 Propylene glycol (Phisanuchemical, Phitsanulok, Thailand) 

3.3.20 EDTA (Phisanuchemical, Phitsanulok, Thailand) 

3.3.21 Tween 80 (Phisanuchemical, Phitsanulok, Thailand) 

3.3.22 Methyl paraben (Phisanuchemical, Phitsanulok, Thailand) 

3.3.23 Carbopol 940 (Phisanuchemical, Phitsanulok, Thailand) 

3.3.24 Xanthan gum (Phisanuchemical, Phitsanulok, Thailand) 

3.3.25 Trietanolamine (Phisanuchemical, Phitsanulok, Thailand) 

3.3.26 Perfume (Phisanuchemical, Phitsanulok, Thailand) 

.. a 14 II d 
m1Lfl"at13JL-uailn\13.IL3Jafl3J~'tl13J 

vi1f'l111l~ten~L11~~1Jt'tl111~1E.Jtl1~ten~ tl'UL'Ll~tl'ULL'U'Ufl1l~tl'LI ~W'VIQii 140 eNfll1 

... ... CV "' d I ..,j ~ ti.. U d 
L'ilflL'ilE.J~ 'Ll1'LI 40-45 'Ll1'VI 'Vlfl·m.Jfl~1lt'tl11JLE.J'Llfl..:I ntL'Vl1tLtl1LQ~1t~1'U'VILU'UL fltln'VJ1JL1Jfl~ 

~tl1\Jl1flLL~..:ILLflt'U~L~LU'Ll~..:lfltL~E.J~ ~tl'Ll~1'Ll\JltLLn'H'tl'Ll1~ 60 L1J'l:I L~'U~..:!Ltl~tln~1JL1J~~3Jt'tl11J 
't 4 .. ul ,..,j ... .,j CV I 1tl ( ) 
L'Ll'J..:ltlt~11L'LIE.J1JntlE.Jfl'VI -20 tl..:19'11L'ilflL'ilE.J~ L~m'tln1'l'~n~\Jltl Komutarin et al., 2004 
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"'n fl ~.:i L ti~ el n'11J L1J~ fl1J t'll11J ~1 EJ ~1vi1a :::a1 EJ a'Ll'Vl~ er Lfl EJ cJ'Ll !.!. ti ~'!jij fl'll el.:J~1vi1a :::a 1EJ 
II II II 

1~LLrl tJ1 Lel'Vl1'Llelfl~'11JtJ1fl111JL'IJ1J'li'Lli'elEJflt 25 50 LLflt 75 L1J'Vl1'Llelfl~'11JtJ1fld11JL'!i1J'li'Ll 

i'elEJa::: 25 50 LLa::: 75 1m)1J1~1~1'Ll 1:20 (tf'!EJtl1~tl'o~eltl~1J11J1~) '1nfl.n1EJ1~'1.n11:::fil~'Llelfl\Jl~1 
L'l!UO (Ultrasonic extraction) 'Ll1'Ll 10 'LlTVl mel.:i~1'Llmtfl1~mel.:i mT\11Lfil~1:::"'1fi1W111V.'11~ 

'1tlf'!Ltl~el0'11JL1J~fl1Jt'll11J ~.:id 
1) Total phenolic compounds (Luque-Rodriguez et al., 2007) 

2) Total flavonoids (Yang et al., 2009) 

3) Proanthocyanidins (Bordiga et al., 2011) 

4) DPPH radical-scavenging activity (Maier et al., 2009) 

11.:iu.~'LI01~'Vlflflel.:JLL'U'U~:U'1:U\!~ru (Completely Randomized Design: CRD) v\'101~ 

Vlflflel.:J 3 J1 t11'1iel~affi~1J11Lf"l~1:::"'1fil11:uLLtl~tl~1'Ll (analysis of variance: ANOVA) u.a::: 

Vlfl6'1el'Ufl111JU.\Jl0~1.:J'llel.:J~1LD~EJ'llel.:J~.:iVlflflel.:J~1EJ1G Duncan's New Multiple Range Test 

(DMRT) v1~:::~'U P < 0.05 

... .! ,.J ti"' ., d ., ... 0 ..I.., ... 
G'IOfl6'11~elelO~VltiV11.:JL1"ll'11eJ1.:J';J10L flel0'\11J1JtL1Jflfl1Jt'll11Jfl'lEJ\Jl'l'Vl1fltfl1EJVlfilflLflel0';!10 

'liel 1 1'LleY1J1~1~1'Ll 1:20 df'IEJtl1~tl'o~eltl~m\Jl~) 6'1nflmEJ1~"'1111:::v1ii01~cr'Llu.tl~ ~.:id 
1) Ultrasound extraction 'Ll1'Ll 10 'Ll1Vi 

2) Ultrasound extraction 'Ll1'Ll 20 'Ll1Vi 

3) Ultrasound extraction 'Ll1'Ll 30 'Ll1Vi 

4) Stirring extraction ~WWJij~el.:J 'Ll1'Ll 24 i1L1J.:J 

5) Maceration extraction ~WWJij~el.:J 'Ll1'Ll 48 i111J.:i 

mel.:i6'11~a:::a1EJ~1EJm:::fl1~o~el.:i 6'1nflal1 2 Rf .:i Ln'U6'11~a:::a1EJvlmel.:i1~~.:i 2 fllf.:i 

~11J tl'Ll !J.flttJ11J1vi11 ~LL ~.:!~1EJ6'11111 :::~ qjqj101fil m1-;i1 Lfil~1t"'1fi1W111V.6'11~6'1 tlfl L ti~ el n'11J L1J~fl 
II .., .. 

1Jt'll11J fl.:J'Ll 

(1) i'elEJflt'llel.:J~a~fi\Jl (%Yield) Lf'IEJPi1'L11rul~-;i10 
II 
0 ... ... ., ( ... ) 

'U1V!'U0'117'10fl!.!.W!071J x 100 

J1~tl'0Ltl~elo'11JL1J~fl1Jt'll11Jnel'Ll01~"n" 
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(2) Total phenolic compounds (Luque-Rodriguez et al., 2007) 

(3) Total flavonoids (Yang et al., 2009) 

(4) Proanthocyanidins (Bordiga et al., 2011) 

(5) DPPH radical-scavenging activity (Maier et al., 2009) 

(6) Tyrosinase inhibition activity (Manosroi et al., 2011) 

11.:ILL~'UnTrnl'lfleNL'ULL'U'UqllalJ\j':icl vi1m':i'Vll'lf1El.:I 3 id1 t.i1-V'E12;jflvi'l;;'m1Lfl':i1t~fl11ll 
LL tl':itl':i'l'U (analysis of variance: AN OVA) LLfitVll'laEJ'Ufld1llLL~n!Jl1.:i'!JEJ.:!~1Lil~EJ'!JEl.:l~.:IVll'lf1El.:I 

;;'1EJ15 Duncan's New Multiple Range Test (DMRT) ~':it~'U P < 0.05 

2.1.1 L~~EJll~1i'u Lflott'Uth1.:i~1'!J11~~':i'U1 L 'U~l!fli'U~1na1':ianl'IL tl~EJn~llLllal'lllt'!J1iJ~ 
'l" ..... 'l" ..: ... .¥ ... ..I 

L'Vll.l1tall bl'IEJ'lti high-speed homogenizer bl'IEJL ':il.l'Vi\Jll'U1~1n~m'Vi'U~1'U l'l.:1~1':i1.:IVI 3.1 

Ll'lEJn1':i~'ULLtl':i~l'l'11'U"!JEJ.:1a1':ianl'!Ll.lal'll.lt'!J1l.l 3 ':it~u L'1EJYi~1':iru1~1n~1 tyrosinase 

inhibition activity ~'Vi'UL'Ua1':ian'1Ltl~EJn~l.lLl.la'1llt'!l1l.lvtl;J~1n~EJ'U~ 1 

~1':i1.:i~ 3.1 a ~':i~t.1~1t.1~1i'u Lflott'Uti11.:i~1'!l11am'U1 L 'U~l!flott'U~1na1':ian'1L tl~ EJn~iJLlla'1l.lt'!l1ll 
'II ... 'II 

G11'Utl':itnEJu tl~l.l1W (%, w/w) 
..I 

~~':i'Vl 1 
..I 

~~':i'Vl 2 
..I 

~~':i'Vl 3 

Phase A 

Medium chain triglyceride 3 3 3 

Jojoba oil 2.2 2.2 2.2 

Silicone 350 1.3 1.3 1.3 

lsopropyl myristate 1.5 1.5 1.5 

Cetyl alcohol 1.25 1.25 1.25 

Steric acid 0.2 0.2 0.2 

Aracel 165 2.5 2.5 2.5 

Stearyl alcohol 0.75 0.75 0.75 

Span 80 0.75 0.75 0.75 

Propyl paraben 0.02 0.02 0.02 
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~1i..itl'ltml'lJ tl~inru (%, w/w) 
..,j 

~\Jl'lVI 1 
..,j 

~\Jl'lVI 2 
..,j 

~\Jl'lVI 3 

Phase B 

Glycerine 1.3 1.3 1.3 

Propylene glycol 2.5 2.5 2.5 

EDTA 0.1 0.1 0.1 

Tween 80 2.5 2.5 2.5 

Methyl paraben 0.2 0.2 0.2 

Water to 100 100 100 

Phase C 

~1'l~tl~Ltl~eJnLlJ~~llt'!J1lJ* 0.05 0.10 0.25 

Phase E 

Carbopol 940 0.1 0.1 0.1 

Xanthan gum 0.09 0.09 0.09 

Trietanolamine 0.35 0.35 0.35 

Perfume qs. qs. qs. 

~m: ~111LLtl".:i'11n Sisopa (2001) 

* Vi'11~ru1'11n~h tyrosinase inhibition activity ~wutu~1~~n111~tl~tin~l.IUJ~l'll.Jzj'IJ1l.I 

.,. o~.J 1~ 
fl1''nfl'U.111fl11'UVt'UJ1'U'!J£1~ fl'ti'U 

1) LLU~~1i..itl'ltneJ'lJ'!leJ~IJi1~'lJ€JeJmtli..11'1J1111!"ltl1 (phase B) LLat1'1J1111!"ltl11ri..i (phase A) 

2) ~i..11'1J1111!"l~~~eJ~tJi..ivr2!mr~1eJtl11~~ruvr.tJil'lleJ~11J1111!"ltl1tl,tlJ1ru 70-75 €1~1'11 
II 

L'l!aL~El~LLat1'\Jli11l"loU1iri..i1~~ru'Vl-Qiitl,tlJ1ru 70-75 €J~fl11L'l!aL~EJ~ 

3) ~€JEJ1 LVl1'\Jli11l"ltl1a.:tLi..l1'1J1i11l"ltl11Ji..1L~LtJ\.1~1EJ'W~€JlJ~~~\.1~1EJ High 

homogenizer ~1Eil"l11lJL~1 8000 rpm/min 15 \.!Tvt 

) 'i .... "' ..,j .. ti .. 4 l"li..11J1aeJ~L1a1"ili..iba'!lmEii..ia~V1~ruvr-Qll 'ltl.nru 40-45 eJ~fl11L'l!aL'i!Ei~ 

speed 

5) L~ll~1'lata1EJ~1'l~n~Ltl~eJnLll~~llt'!l1ll (L\Jl~EillL~'i\11nm'lata1Ei~1,~n~Ltl~eJn~l.l 

Lll~~llt'!l1l!Li..ltl1) (phase C) l"li..IL~L'li1ni..i LL~1L~ll phase D LLat phase E a.:i1tl 
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LfloH'UUT~ .:ieJ1-u11~ \Jl ~'U1 L 'Ufl2l'floH'U"il1 mnrn n~ L tJ~~ln~lJ L11~~11t'tJ111 
• '\j • 

1) 'tJ'U1~El'4.f11FI 1~ma~EJ (mean particle size) ~'lEJLFl~El-!l Particle size 

analyzer 

2) tJ~t~'U'U~'UeJ1EJ'4.f11FI (surface charge) ~'lEJLFl~El-!l Particle size analyzer 

3) F11~ L * a* b* 1~~1mF1~'€1.:i1~~ (Chroma meter CR-400, Konica Minolta, Inc., 

Japan) 

4) F11m111V1-U~-8'.:i~1mh.:iF1~11 2 ni'11 il11tJ1~~1mF1~t1.:i Brookfield viscometer 

model OV-111 L~EJW spindle no. SC4-14 Fl1111L~1~El\J 10 ·rnu/u1VI 

5) F11 pH il1~1'€1~1.:iF1~111tJmt'11EJ~1tuJ1ni'IJ ei'1J1~1~1u~tV111.:iF1~11nuJ1niud'.lu 
) 

..,.,,., 4 
1:10 (w/v LL~11~~1mFl~'el.:i pH meter 

6) Total phenolic compounds 

oi.:i~1t1~1.:i~1~'U'U1 foij2Jai'U tJ~tmru 200 ljaan~11 t"'a.:il'U microcentrifuge 
., 

tube ata1EJ~1mt1'V11'Ut1a 1.5 ljaaa\Jl~ tl'11tJ~n~111EJt!Ji~1111t~a1J1~11'ililn'U1'U 10 'U1Vi '11m!'U 

tl'11tJ~'UL'Vl~EJ.:ivlF11111L~'l~El'U 14,000 rpm LU'UL'lfl1 10 'U1Vi Ln'U"''l'UL~tl'11tJ1LFl~1t~tJ~111ru 

total phenolic compounds (Manosroi et al., 2011) fl1'U'lruV11tJ~mru-ut1.:i~1~tJ~tnt1'U~'UElfl 

L'UV1i..i1EJ mg gallic equivalent (GAE)/g 1~mtJ~EJ'ULVim.Jn'Um1'rlm1J1~J1'U'tltl-!l~1~ gallic acid 

7) Total flavonoids 

oi.:i~1t1~1.:i~1~'U'U1L'Ufl2l'ai'U tJ~tmru 200 ljaan~11 t"'a.:il'U microcentrifuge 
., 

tube ata1EJ~1mt1'V11'Ut1a 1.5 ljaaa1J1~ tl'11tJ~n~111EJt!Ji~1111t~1J1~11'ililn'U1'U 10 'UTVI '11n-u'U 

tl'11tJ~'UL'Vl~EJ.:ivlm111L~1~t1'U 14,000 rpm LU'UL'lfl1 10 'U1Vi Ln'U"''l'UL~tl'11tJ1LF1~1t~tJ~111ru 

total flavonoids ~'lEJLFl~El-!l UV-Vis Spectrophotometer vlF11111m1F1~'U 510 'U1L'UL1J\Jl~ 

(Manosroi et al., 2011) fl1'U'lruV11tJ~mru-ut1.:i~1~'rla1l1'Ut1EJ~1'U'Vli..i1EJ mg catechin 

equivalent (CE)/g 1~mtJ~EJ'ULViEJ'Un'Um1'rllJ1\Jl~J1'U'tJEl-!l catechin 

8) DPPH radical-scavenging activity 

oi.:i~1t1~1.:i~1~'U'U1foij2Jai'U tJ~tmru 200 ljaan~11 t"'a.:il'U microcentrifuge 

tube a::a1EJ~1mt1'V11'Ut1a 1.5 ljaaa\Jl~ tl'11tJ~n~111EJt!Ji~1111::~1J1~11'ililn'U1'U 10 'U1Vi '11nii'U 

tl'11tJ~'UL'Vl~EJ-!lvlm111L~'l~tl'U 14,000 rpm LU'UL'lfl1 10 'U1Vi Ln'U"''l'UL~tl'11tJ1LFl~1t~ DPPH 

radical-scavenging activity 1~~1m~~~n~'ULL~-!l~'lEJLFl~t1.:i UV-Vis Spectrophotometer vi 
m111m1F1~'U 517 'U1L'UL11\Jl~ (Manosroi et al., 2011) fl'1'U1ru~1 DPPH radical-scavenging 

activity L'UV1i..i1EJ mg BHT/g 1~mtJ~EJULViEJ'Un'Um1'rl1111J1~J1'U'tJt1.:i BHT 
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cj 

L3Jflfl3J~'!l13J 

2.2.1 fll113Jf1Hli1fit>flll11~L'i~ heating-cooling cycles 

V1fl'1au~n1111"1.:1~1'!la.:1~~111.t1ru"1fli'Uti1~.:iS31'!l11~1n'11'rnnflLtJfian~11L3J~fl3J:::'!J111 

L'U'1.fl11:::L ~.:i heating-cooling cycles -;i1'U1'U 6 -sau LflE.Jvi1m-sLntJ~~111.ti'ru'fl11l'Ufl1'!1'U~tlfl 

'1UVILLflt:~'ULL'1.:l~~ruV11Jij 45 a.:if'l1L'lfflL~E.J'1 'U1'U 48 'li'111J.:i LLflt:LntJ~ 4 °c 'U1'U 48 'li'1 LlN 

tl'uLll'U 1 -sau vi1m-s111-s1~1Ll"l-s1:::~1"111111"1.:1~1 '!la.:1~~111.ti'ru.! ~.:id 

... 
(1) n1'SLLE.Jnotl'U 

(2) '!l'U1fla'4fl11"l Lflmu~E.J -s1E.Jflt:LBE.JflLL'1fl.:!L'Uiiia 2.1.2 (1) 

(3) tJ-s:::~tJ'U~'US31a'4.fl11"l 'S1E.Jflt:LBE.JflLL'1fl.:IL'Uiiia 2.1.2 (2) 

(4) fi1~ L a* b* 'S1E.Jflt:LBE.JflLL'1fl.:!L'Uiiia 2.1.2 (3) 

(5) fi11"11111vrilfl -s1E.Jflt:LBE.JflLL'1fl.:iL'Uiiia 2.1.2 (4) 

(6) fi1 pH 'S1E.Jflt:LBE.JflLL'1fl.:!L'Uiiia 2.1.2 (5) 

2) 1"111111"1.:1~1'!la.:1'11-s~1'Uaan~Lflotl'U 

(1) Total phenolic compounds 'S1E.Jflt:LBE.JflLL'1fl.:IL'Uiiia 2.1.2 (6) 

(2) Total flavonoids 'S1E.JfltLBE.JflLL'1fl.:IL'Uiiia 2.1.2 (7) 

(3) DPPH radical-scavenging activity 'S1E.Jflt:LBE.JflLL'1fl.:IL'Uiiia 2.1.2 (8) 

2.2.2 fll113Jfll~i1h.iflll11~tlnii 

Lnu~fi111.t1ru"1fli'Uti1~.:iS31'!J11~1n'11-s'1nflLtJfian~11L3J~fl11:::'!J111H~~ruvr1JijtJnm'U.fl1'!l'Ut 

llfl'1UVILLflt:~'ULL'1.:i vi1m-s111-s1~1L1"1-s1:::~m1111"1.:1~1'!Ja.:i~fi111.t1ru'1vrfi'.:im-sLnu~'n'li1'U1'U 1 LLflt 3 

... 
(1) n1'SLLE.Jnotl'U 

(2) '!l'U1fla'4.fl11"l Lflmu~E.J -s1E.Jflt:LBE.JflLL'1fl.:!L'Uiiia 2.1.2 ( 1) 

( ) 
.1 .f ... .. ., ., 

3 u'St~tJ'U'Vl'U~1a'4.fl11"l 'S1E.JfltLaE.JflLL'1fl.:I L'U'!Ja 2.1.2 (2) 

(4) fi1~ L a* b* 'S1E.Jflt:LBE.JflLL'1fl.:!L'Uiiia 2.1.2 (3) 

(5) fi11"11111vrilfl -S1E.Jflt:LBE.JflLL'1fl.:!L'Uiiia 2.1.2 (4) 

(6) fi1 pH 'S1E.Jflt:LBE.JflLL'1fl.:!L'Uiiia 2.1.2 (5) 
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2) 1"'111l.Jl"'l-3~1'!le:J-3a1~~1tJe:ie:in~L~i'U 

(1) Total phenolic compounds ~1EJ~tL~EJ~LLa~-3L'U'lie:i 2.1.2 (6) 

(2) Total flavonoids ~1EJ~tL~EJ~LLa~-3L'U'lie:i 2.1.2 (7) 

(3) DPPH radical-scavenging activity ~1EJ~tL~EJ~LLa~-3L'U'lie:i 2.1.2 (8) 

.1.. Ill d ., ., 
L~aon~~L~af1~:~1~nuo1a1fl~A1 

2.3.1 n11'VlflflO'UA11~1ZA1tlLAO{l~O{INilflnN'1tflt116 close patch test 
'r 0 ,., !'! , ...... .r..i ... 
b~EJ'V11n1~LL'U-3'Vle:J-3LL'!J'Ue:Je:JnLu'U 4 ~~ bVILLIJl~t~~l.J'W'U'Vl 3 x 3 IJl1~1Wl1'UIJlUJIJl~ 

t .i=lu 4 .. ..,, ~- • 111 ~ • .. 

'i\11n'U'U'Vl1a1~'VllJle:J-3n1~'Vl~ae:i'U Piel t:J~IJlmlJ"'i\l~-3 t:J~IJlflOJ"Vl~e:in LL~t sterile water ~'3'U'Ut:J1 

'!Je:J-3~~'Um~V1~ae:i'U1il1'U1'U 15 l"'l'U LL~1t1~~1EJ~1ne:i1J1LL~:cw~1a~n LU'UL1~1 48 -8'11ll-31~EJ 
col ... ~- !jl... .. ..it! ~ ... ... :: :: 0 

1J1~e:J~L1~1'Vl'Vl~ae:i'U1J1e:J-31J.J V1'U~L1ru'Vl ~ patch '1l.Ji:.tan'U'U1 'i\11n'U'ULLnt patch e:ie:in LL~t'U1l.J1 

.1 .. ~ ,... ... 11 
u~tLl.J'U~l"'l11l.JLL'W b~EJn1~ b'V!l"'ltLL'U'U ~'3'U 

0 = UJL~'Utl~n~EJ1L~~ ~1EJIJ11Ltl~h 

1 
..i d ... 

= t:J'ULL~-3L~n'Ue:JEJ 

2 
..i 

= t:J'ULL~-3l.J1n 

3 
..i 

= t:J'ULL~-3l.J1n LL~t'U"ll.J 

4 
..i ... 

= t:JtJLL~-3l.J1n 'U1l.J l.JLLt:J~f1'We:J-3 

2.3.2 n11\'lflflO'UU1Zfl'Vlfill1'W~0{1NaflnN'1t'U01fl1fl21A1 

1) m1ftn~1'11io{IL~otJ1:wum1t~A11~i1~iio~o{lo1a1a2!A1 

n1~V1~ae:i'Utl~t~'Vlfifl1'WLL~tP111l.Jtl~e:i~.nEJ'!le:J-3t:J~1J1.ti'ru"1~i'Ul"'l~l.Ju1''3~e:i-3n1~ 

m1l.l~1l.Jile:i'i\11 nma1al!P1~L U'Uri1~cyl 'U m~1 'l11~ll1~'3t:J~ m~'Vl~~e:i-3~Qn~e:i-3 ~'3,r'U~-3ijP111l.J 
'<i\'1 L U'U~e:J-3Vi1m~~n~1i11~e:i-3 L Yle:itl~t Lij'Um~l ~1"'111l.J~1llile:i (compliance) '!le:J-3e:i1a1etl!P1~ 

LYle:i1~LL'UL'i\11101a1al!P1~~L'li1~1l.lm~1\i'EJa1l.J1~fltl~llii1J11l.Jfii1LL'Uttl1l'Um~lii:.i~1J1.ti'ru"1~mh-3 

Qn~e:J-31J1~e:i~n1~'Vl~~e:J-3 n1~~n~1i11~e:i-3-d'n~:vi1ltJe:i1a1al!P1~vtl~~'Un1~~~L~e:inL'li1~1l.ln1~ 
'Vl~~e:J-3 25 l"'l'U 1~EJ1~01a1al!mLL~~tl"'l'Ul~~'Ut:J~1J1.ti'ru'fivr~e:in (placebo) ~ij'9'n~ru:Lvrilo'U 

i:.i~IJl.ti' ru'fi'VI~~ e:J-3VJ ntl~:m~ LL~1lJija1~Gf 1~cy LL 'Uttl 101 a1al11"'1~1 ~'Vl1i:.t~1J1.ti'ru'fi~ LL '!l'U'!i1-3 l~o6'1-3 

vr~-31J11l.Jrhvr'U~vr'9'-3m~m'Utl11J1e:J'ULett1 lii:.i~1J1.ti'ru'fiVJn-)'ULU'UL1~1 1 ~tlm\.1 ~:vr11-3if~e:i-3w"li 
i:.i~1J1.ti'ru'fiu11'3~1~'Ul~ eJ1\i'EJl.Je:J'Uu'UVintl~:lil1'!'U (diary) l~ma1al!P1~u'UVin1''U L1~1 LL~:15li 
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... 
i:.J~1J1.t1ru'1 -w~ti1Jittjm11lfifoV1~.:i1-tt'VJM1i'.:i ~tf.ltna1vi1011P!o~1t11~ti.:i 6 

... ...... .I 
1i.J L'!l11i.J'VI 7 

... .. ... 
2) m1fl.iLtrnno1a1iu.1f11 

0~1J~1ti~1.:i ~ti ma1al!fl1q"ll.fl1-w~~1u1u 25 fli.J 

2.1) Loru'1011~~lL~tlO (inclusion criteria) LLat~"LLf.JO (exclusion criteria) 

ma1al1fl~~L-U1~11J Lfl1.:i0111-;ij'f.1 'lJ~'l.J1i~.:iif 

' ... .. 
LOW!I01jf)~Laf)O 

( 1) L -Wl3IV1iQ.:iV1~ti'!f1f.l ijq"llm-w L"f.1~11 'lJu ~.:JLL ~.:iuatm~ 18 -50 tJ 
(2) ija~hflJ1 
( ) 

~-! ... I .._ .,j al iJ"' .1 o <I '"' '"' .. .ii 
3 1J.J1Ju~t11Jl\i'Utj'Vli ~1Jq11L i.Ju~t-;J1 'Vl~tl\Jl"a11La'W\Jl"'!fi.J"tli.J~ 

( ) 
~.! ... I ,._ ., I al ., ... OI '0 <I .,j ,S ., ..1 .. 0 I t 

4 IJ.J1Ju~t1\J1LL'Wa1i.Ju~t0tl'l.J Li.Ji:.Ja\Jl.flW!l'l.J11.:J'Vl~tlLflitl.:J'11tl1.:J L"~ 'V11J';J1'Vli.J1f.J iJ 
., 

'Vlti.:i1J1a1" 

(5) ijfl111Jal!fl1 L-;J~-;JtL -U1~11J01~P!o~1V1~.:i-;J101~i"UV111'1.Jti.:i1'1J1~'lJ1ta.:il'11fi011 

m11JL~f.l.:i i:.Ja~-;Jt 1~-;J1001~P!o~1 uat~i.Jf.lti1Jmtvi11J111JLL u1'lJ~tlm um~'Vl"ati.:i 

\Jlati~~tf.lt L 1a1~1 L -Oum~ ( 6 "''lJ"1~) ntii.JL~1J~1 L -Oum~'Vl~ati.:i ma1al!fl~VJOfli.J 

-;Jt~ti.:ia.:ia1f.liiti~ti 1 u L 'l.J~i.JEJti1J~1f.lm11Jal!fl~ L-;J (.fl1fli:.Ji.J10 "ll) 

~1LUi.J01~'Vl~atJ'l.Ji:.J~IJl.nru'1Llli.J~tf.JtL1a1 6 "''lJ~1~ L~tl.:J';J1001ii:.J~"L'!fag.)Sh"llti.:Jfli.JUOil 

';JtLottL1a1'lJit1J1ru 4 "''lJ"1~ ~.:i1u"li1.:i 4 i'lJ"1~LLiOLi.J01~1'~m-;J-;JtLlli.JL'!fag.)~1V1tl'.:JLrl1~.:JEJ~UJ 

a11J1im ~i.Ji:.Ja 1~-B'~L';Ji.J LL~Ldti'Vl~.:J';J10Lfl"01ii:.J~"L'!fag.)~1 L i.J"'U"1~~ 5-6 ';JtL tli.JL'!fag.)~11"1i.i~~ 

t11i:.J~1J1.t1ru'1a11J1~t:1Ei''l.J&.:imt'l.J1u01~Ln~~~11~';Jta11J11t:11'~ 1~11ij u u11-U'1J"lJ11;u 

' ... LOW'f!01jf)f)LLEJO 

(1) ij'lJ~t'Wi~1LLoW~1f.l (hyperallergic reaction) 

(2) nu1t'Wihfl~"J'Vltl'.:J~OLa'l.JtltlO~i.J (eczema) 'Vl~tl hflatL~~L~i.J (psoriasis) Li.J~1i.JL"~ 

"lltl.:J~1.:J01f.J L i.J°li1.:J 6 L~tli.J~~1i.J1J1 

(3) ij'lJ1t'Wi01~1-tt'f.l1aL1J1mtiEJ~ m'lJ~"li1ut m~1u011~ma'l.J~iit°liaL1J1ti1tiEJ~ 'l-1~tim~1u 

ifo1J11iju 1 u"li1.:i 3 1'untim -U1~11J 1 u Lfl~.:im~1-;ij'f.J 
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(4) iji.J~t~n1'~LeHEJ1Lu'rl1tvl (topical medicine) 'U~L'lW~1LL'!l'UL'U-li1~ 3 ~'IJ~n'1rit1'UL'ti'1 

~111 t 'U Ll"l~~m~i..ij'EJ 

(5) iji.J~t~~1~~L'Vlqj (major operation) L'U-li1~ 1 tlvl~1'U111 

(6) iji.J~t~1JtL~~v1~1vitl'~~1'UL~1 L'U-li1~ 1 tlvl~1'U1J1 

(7) t1~L'U'1.n11ti~l"l~~.n vi~t1L~'U11~1J1~ 

2.2) Lnru'1m~t~t1t1m11nm~Pin~n (discontinuation criteria) 

( 1) t 'U~tvi11~vl~1L u'Um~'Vl~at1~ 0..ij'EJV.~1~ru111m'11'12Jl"l~Ln~mnT~LL -W 
I .cit. CU ~ 

IJl'elt:JfllJlflW'fl'Vl~'1'el'U 

(2) 'el 1 '11 '12J l"l ~t etlt:J fi 1J1.t1ru'titl11~~1"!lu ~ ~ 'U 'U 'el n~ 1nt:Jfi1J1 .n ru'ti'Vl ~ '1'el'U 

~t'Vl11~n1~'Vl~fl'el~ 

(3) t11'11'12Jl"l~'!lt1EJmfinm~L'ti'1~111m~'Vl~at1~ 

3) 3\.ILL\J\Jn11i~U 

iu LL 'U'Um~i..ij'm tl'ULL urnL u~l"l~~ L~EJ t im'11'12Jl"l~L ll'U~11"11'Ufl1l'!lt1~1J1'ULt1~ 'Vi1 

m~'Vl~flt1~vlu~L'lWLL'!l'ULL'U'U~1J'ti'1~ (half-sided, paired design, randomized of arm sides) 

4) n11'Vlflflil~ 

m~'Vl~fl'el~LetlL1fl1'~~i'U 6 ~'IJ~1-.1 ~1EJfltL~EJ~ij~~;j' 
t 'U-l'ULL ~fi'!J'el~n1~'Vl~fl'el~ (To) ~i..ij'EJn1'Vl'U~ t ~'el1'11'1lJl"l~1J15~'1fl1'Uvl'Vi1ni~ 

'Vl~at1~rit1'UL1a1 8.00 'U. L~EJ1111eHLl"l~t1~t:Jfi1J1.n'ru'1tl11~~1 LLflt/vi~ml"l~t1~G'i1m~t~1 u~L1WLL'!l'U 

0..ij'EJ'IJ~tLii'Ul"l111JL'ti'1J'!l'el~~~1'!l'el~'el1'11'1lJl"l~ ru L1a1rit1'ULetlt:Jfi1J1.n'ru'1~1ml"l~'el~ Chromameter 

'rlit111 ri1fJlU'U~L1WVJ'el~ LL '!J'U~~'1m~1'U ~ 1 n'1'U0..ij EJ1J'el'U t:Jfi IJ1 .n ru'1'V1~'1 'el'U t ~ LLri'el1'11'1lJl"l~ 'rlit111 

LL 'Ut't.i1iITT etl'el~1~flt L~ EJ~ fi~11~'el 'V11t:Jfi 1J1.f1 ru'ti'V1~'1'el'U'U'ULL '!J'U'ti'1~fln1V1'U~L1fl1'Vl~~'Vi11"1111J 

'1t'el1~~1~n1EJIJl'el'ULetl1 LLfltL~'UVJn-l'U ~t'Vl11~n1~'Vl~fl'el~ 6 ~'IJ~1-.1 'el1'11'1lJl"l~'111J1~tlLetl 

t:Jfi1J1.f1ru'tivi11"l111J'1t'el1~~1~n1EJ~'U 11~1J111JUfi~ LLIJ1'UJ'el'4'\!11Jl L m etlt:Jfi1J1.f1ru'titl11~~h'U~L1WLL '!J'U 

..i 
'el'U1 

t'U-l'Uvl 1 (Tl), 15 (T2>, 22 (T3) 29 (T4), 36 (T4), LLat 42 (T6> 0..ij'EJn1vi'U~t~m'11'12J1"11 
• .c::ilo 1 T 1!'111 .I -. cu ~o .. .. 

1J1tl~'1fl1'U'Vl'V11n11'Vl~fl'el~fi'el'UL 1fl1 8.00 'U. L~EJ 1J L"llL1"11'el~t:JfllJlflW'fl'U11~t:J1 LLflt/i.n'el 

Ll"l~'el~~1'el1~L~1 'U~L1WLL'!l'U ~i..ij'EJ'IJ~tLii'Ul"l111JL'ti'1J'!l'el~~~1 '!l'el~'el1'11'1lJl"l~ ru na1ri'el'ULetl 

t:Jfi1J1.ti'ru'1~1ml"l~'el~ Chromameter 'rlit111ri1EJlU'U~L1WVl'el~LL'!l'U~~'1'el~~1'U 
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2 

3 

T = W~~\Jlfitu'tl'Vl\Jlel~'U (iiet1'lri1~ty) 

c = w~~IJlfiru'tlmufjlJ (Wii"'1'lri1~ty) 

5) m11'fle..iam1'Vlflflil.:I 

29 

... ... 
~1'U'il1EJ 

T 

c 
T 

... 
~1'U'!J'l1 

c 
T 

c 

n1':iU':itdj'U':it~tJm111L'li11~tl1 L~EJ1~~1 L * a* b* '!l€1'3tl'llil1nLfl~€1.:i1l€1 

Chromameter L~EJ~1 L * LLG'l~'3~1Uj~~tl1 (pigment) ~1 a* LLG'l~'3~1fl'l111LL~'3'!lil-3th (erythema) 

LL'1t~1 b* LLG'l~'3~1fl'l111~~'!l€1'3tl1 (sallowness) (Clarys et al., 2000; Takiwaki, 1998; Yun et al., 

2010) 

U':itLii'Um111~'3Vi€1Llil'!l€1'3~ii~fiw'fi L~EJlmfi 5-Point Hedonic Scale lil1n 

mG"11G'liJf'l':i ~1'U'l'U 25 f'l'U L'U~ii~fiw'f11'1ott'Uth~-3~1'!l11\11nG"111G'ln~Luil€1n~11L11~~11t'!l111~€1 

l"!W~ n~Wt'Vl1'3U':itG'l1'Vl.r11il'G'I 1~ LLn ~'!l€1'3~ii~fiw'fi n~'U'!l€1'3~ii~fiw'fi f'l1111'!i'UvrU~'!l€1'3 Lfli'U 

m':imt\11EJ l'i'1'!l€1'3 L'1ott'UtJ'Utl1vrtl'-3 m':i~11 L 'li1~tl1'!l€1'3 L'1ott'Uvt~-3 l i f'l1111~11;f 'U'!l€1'3tl1vr~-3 l i m111 

~11/L~EJrn ilEJ'U'!l€1'3tl1vr~-3 l i LLfltf'l1111~'3Vi€1 L\1 L~EJ':i'l11~€1~ii~fiw'fi 

2.4 A n~1~'U"'!'Um1e..iiifle..iiiflli'ni'f11ai'Uu11.:iil11111~"1'U1 t 'Uiiai'U~1net11ttti'fl 
ti

.. II d 
L flilfl~11Wflfl11::11111 

vh n1':i'Pi fl~1~'U'Vj'U"ll€1'3~~ ~fi W'f11aott'UU11'3tl'J'!J1'l\1 ~':i'U1 L 'U~lJflott'Uvl ~ii~ L~'l.J11~ t 'U'!J'l~ 
Vifl1G'l~n"!l'U1~ 120 n~11 m1f'i1'U1W~'U'Vj'U1'~q~tJL'Ufl11~ii~ 1aott'UU11'3tl1'!l11 LLU-3Ltl'U.r~~b'U 

~'U'Vj'Uvl-3vt11~ 100 ~'l'U \ltU1tn€1tJ~'lfJ~'U'Vj'U'!l€1'31~q~tJ~€1EJflt 52 ~'U'VJ'ULL1'3'31'U~€1EJflt 32 LLflt 

~'U'VJ'U~1Li~1EJ~'U~ ~ijfJflt 16 (~1Vi':i1W, 2530) 
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"' L11ilfl11::'!1111 

th EJ'VI tl~tl.:lf'i P1111Ji'm 'H'I tl~G'f 1~~ 1'1.J tJ,JlJfl ~G'l~t'11 n L tJ~ tl n\11J L1J~~1Jt'!J11J LLfl ::m~t.i~~ \I ,,, 'I 

LfloH'IJth~ .:1~1'!111 ~ m'IJ1L'IJ~lJfloH'IJ'11fiG'f1~G'I n~ L tl~ tl n~lJ L1J~~1Jt'!l11J t \1nu n~lJ LL1JU1'1J 1'111'Vlfl'1 

"qll"ll'IJ ~tl~::nt1um~ LLflt~G'l'IJL'1~11tl 1~EJm~-.ij'~t:JU~lJL;i.:itliju"iim~ ~1'1J1'1J 1 Pif.:i LoUL1fl1L'IJm~ 
~1LU'IJn1~ 11'1.J ru PIC\.ltL'VIPib'IJLfl~n1~Ln~~LLflttl1'Vl1~ 1J'Vl11'VIEJ1~EJ~1"11Jl!)i;\!fl'11.:IP1~11J 
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"" \J\11\11 4 

""" g ...... ., .t .9 t . ... ., "' '1il'UVI 1 e.li'tf1111'10~116f111fl0flfl11ilil0'1Vl6Vl1.:I L 14U111il1.:I 'UL-ui'tilO"'J2.IWi'tfl2J::'tl12J 

1.1 e.iam1fln~1-uufl'tlt1.:ii1,j1a::a1eJ~ L 'M2.11::fl2.1 t um-afln flfl11t1t1nqV1BV11.:i L 1-ud1t11.:i tu 

tJ~111n.1G'l1,~1'Ut1t1n~L~eU'U fie:i phenolic compounds, flavonoids LLfl:: 
'l. 4 II d .I IU II f f II II II 

proanthocyanidins L'ULUfltlOVl11UJfl~11::'!J111VIG'ln~~'lEJ'U1 LtlV11'Utlfl~G'l11'U1 (fl1111L'!J11'!l'U,tlE.Jfl:: 25 
~ 111111 ., """ 50 LLfl:: 75) LLflt UJVl1'Utlfl~G'l11'U1 (fl1111L'!J11'!J'U,tlE.Jflt 25 50 ua:: 75) LLG'l~.:IL'UlJl1n~VI 4.1 

1J11,1.:i~ 4.1 tJ~111ru phenolic compounds, flavonoids LLfl:: proanthocyanidins l'UG'111G'ln~ 

LtJ~e:in~11L11~~11::'!J111~"'n~~1EJ~1vi1a::a1EJLL!JlnlJ11.:in'U • 
i1vi1'1t'11EJ Phenolics compounds Flavonoids Proanthocyanidins 

(mg GAE/g TSC) (mg CE/g TSC) (gCE/gTSC) 

" . 
126.15 ± 4.48e 21.99 ± 0.48b 800.76 ± 4.33g 'U1 

LEl'V11'UEl'1L '!ll.J'll'Ui'EIEJflt 25 289.75 ± ll.73c 25.28 ± l.13a 2961.20 ± 18.33e 

LEl'V11'UEl'1L '!ll.J'!l'Ui'EJEJflt 50 29508 ± 9.06c 11.45 ± 0.16c 4647.80 ± 42.57c 

LEl'V11'UEl'1L'lll.J'!l'Ui'EJEJ'1t 7 5 336.35 ± 8.54b 9.10 ± 0.78d 9393.00 ± 26.46a 

Ll.J'V11'UEl'1L '!ll.J'!l'Ui'EJEJflt 25 256.89 ± 10.45d 11.64 ± 0.65c 2597.20 ± 22.27f 

Ll.J'V11'UEl'1L'lll.J'!l'Ui'EJEJ'1t 50 344.43 ± 5. 78ab 9.73 ± 0.2ld 3723.80 ± 27.06d 

Ll.J'V11'UEl'1L'lll.J'!l'Ui'EJEJ'1t 75 355.74 ± 5.52a 2.21±0.40e 6247.73 ± 45.49b 

GAE= gallic acid equivalent; TSC =tamarind seed coat; CE= catechin equivalent; 'llEIJ;Jfll'U 

1J11~1.:iLtlufi1L'l~EJ ± 6'11uL~EJ.:iL'U'Ul.J11J1~,!1'U (n = 3) U.'1ti1~n'tf~u.1J1n'11.:inutuu.u1~"".riiim1l.JLL1J1Mh.:inu 

E1~1.:iiiii'EJ~1Rt\J'V11-!l~ti~~~t~'Ufl11l.JL~mtui'EJEJ'1t 95 

G'I 1,G'I tl ~ L tJ~ ti 0~11 L11~ ~11t'!J 111~11ml1 G'f 1,fl ::a 1 EJ L tlVl1'U tlfl LLfl:: L11Vl1'Utl fl G'f 1111,ClG'I tltl 

G'l1,tJ,::nmJW'Ut1fl1~LLIJlnlJ11.:in'Ut1~"l'U'!i1.:i 126.15 - 355.74 mg gallic acid equivalent (GAE)/g 

tamarind seed coat (TSC) L~EJG'l1,G'ltltl'110G'l1,fltfl1EJL11Vl1'UtlflL'li11'!i''Ui't1E.Jfl:: 75 ih.J~111ru 

G'l1,tJ,::nmJW'Ut1a~.:in11~1vi1a::a1EJ~'Ut1~1.:iih!mh~'cyV11.:iG'li1~ (P < 0.05) LLfltG'11,G'lntl'11ml1il 
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tJ~1J1ru6'11 itl -s:m el'U VJ'IJ el"~ 1vl q ~ uj el L ~lJfl11lJ L oU lJoU'IJ'!Jel.!l LlJ'V11'1J el"'VI~ eJLel'V11'1J el"lJ1n~'W'Vi1tm~ef11 
6'1n~vliit1~111ru6'111tl1::nel'UVJ'IJ el" L ~11111n~'W .!l1'W1~ eJil1~~.rnvlLL\Jl Mh.!l"11m1 eJ.!l1'1J'llel.!l Nakchat 

LL"triru:: (2014a) i1Vl'U116'1116'1 fl~ L tJ~ eln'111 LlJ~~lJt'!J1lJ"11nn116'1tl~~1 eJJ1~el'IJljtJ~l.11W 
6'111tl1::nel'UfJ'Wel"~.!ln11m16'1n~~1eJLel'V11'1Jel"L-V'11-U''IJ~eleJ":: 70 ~.!lm"1Ltlm..i""11nri1111u1J1Mh.!l 
'!lel.!l1~m16'1n~vlLL1J1n~h.!ln'W ri1V1-r'U6'111t'Wn~11 tlavonoids Vi'Ul'W6'1116'1tl~el~L'IJ'!i1.!l 2.21 - 25.28 

mg catechin equivalent (CE)/g L~eJ6'1116'1tl~"11nLel'V11'1Jel"LoUlJoU'IJ~eleJ"t 25 ljtJ~111w6'111 

tlavonoids ~.!ln116'1116'1n~"11n~1'Vi1"::"1eJ~'IJel~1.!lljtl'eJri1~qJ'V11.!letii~ (P < 0.05) iel.!l".!llJ1fleJ 

6'1116'1tl~"11nJ1 LL"t6'1116'1tl~"11nLlJ'V11'1Jel"LoUlJoU'IJ~eleJ"t 75 ljtJ~111wei11 tlavonoids ~1vlq~ 
Lil el L ~ lJ fl1111 L oU lJoU 'I.I'll el.!l Lel'V11'1Jel"'VI~ el Lel'V11'1J el"lJ1n~'IJ'Vi 1 t ~6'1116'1 fl ~v11~ljtJ~111ru flavonoids 

' 
"~IJ\'1".!l\Jl111~1~'U 

ri1V1-r'U 1 tliLLel'IJ L 'V11811mU'IJ~'IJ (proanthocyanidins) Vi'U t 'IJ6'1116'1tl~L tl~eln'111LlJ~~lJt'!J1i.J 

el~L'IJ'!i1.!l 800.76 - 9,393.00 g CE/g L~eJ6'111"t"1eJLel'V11'1Jel"fl'l1lJLoUlJoU'IJ~eleJ"t 75 

ljtJ-s::~'V15.fl1Vi t '1Jn116'1tl~6'111 proanthocyanidins "11nL tl~eln'111LlJ~~lJt'll111111nvlq~ 'jel.!J".!llJ1 

fiel6'111"t"1eJLlJ'V11'1Jel"fl11lJLoUlJoU'IJ~eleJ"t 75 LL"tLel'V11'1Jel"fl11lJLoUlJoU'IJ~eleJ"t 50 \Jl1lJ~1~tJ 

u"::J1Lll'IJ~1'Vi1"::"1eJvl6'111111rt6'1tl~6'111 proanthocyanidins 1~i!eleJvlq~ 6'1el~fl~el.!lfl'U'j1eJ.!l1'1J 
( ) 

d I ., 
0 

,.. Ill G Ill Ill Ill 

'!Jel.!l Nakchat LL"::riru:: 2014a 'V1Vi'U116'1116'1n~Lu"eln\111L1l"~lJt'll111"11nLeJ'V11'1JeJ"L'lllJ'!J'IJ'jeJeJ"t 

70 iim111ru6'111 proanthocyanidins ~.!ln11m'jeffl~~1eJJ1~£J'IJ 
.a( a. ICll .oi:::il I QI 0 ..I Q.I II II ... CU 

LlJel L uieJ'U L 'V1 eJ'Uit'V111.!l\Jl1'V11"t"1 eJ LlJ'V11'1J el" LL" t Lel'V11'1J el"'Vlit~'Ufl11lJ L '!JlJ'!J'IJL~ eJ1 n'IJ 

.!l1'1J1 ~ eJ .Q'Vl'U11LlJ'Vl1'1.1el"6'111111fl6'1fl~6'11itJ it nel'Ufl'IJ el" 1~~ n11 Lel'V11'1J el" 6'I el~ fl~ el.!l tl'U 11 eJ.!l1'1J.ylij 

tlel'IJ'VIU1.Q (Lapornik et al., 2005; Siddhuraju, 2007; Jouki and Khazaei, 2010) 'llw::vl 

Lel'V11'1Jel"6'111111fl6'1tl~6'11il'Wn~11 tlavonoids u":: proanthocyanidins eleln"11mtl~£Jn'111L11~~ 

11.1.:111 I .cil QI II II cl .., - QI 3 I QI • I... II • 

lJt'!J 111 ~~ m 1LlJ'Vl1'1.1 el" 'Vlit ~'U fl'l 111 L '!JlJ'!J'IJ L~ eJ1 n'IJ .!l 1'1.11"1 eJ'IJ Vi'U116'1116'1 n ~Lu" el n\111 LlJ" ~ 

11::'!J111ii6'1111Ji'1'1Jeleln~L~i'Wn~11 proanthocyanidins mnvlq~~~ L tl'IJa~"'1'1J~eleJ":: 84-96 'llel.!l 

tl~111ru6'111 !Ji'1'1J elel n~L~i'Wvl \Jl11"1Vi'U~.!l'VllJ~ lj11eJ.!l1'1Jvl'jt'4116'f1'j proanthocyanidins t 'I.I 
., ..... d iJ".. . ..i... ,. .... 1 ..I ., 

L u"eln\111 LlJ"~lJt'!J1lJ L 'IJ"li'IJ~ ol1gomeric 'VllJf111lJeJ11'llel.!l Lfl'j.!J6'f'j1.!Ju1'Wn"1.!l'V16'11lJ1'jfl\Jn6'1n~ 

eleln1111~~~1eJ~1'Vi1"::"1eJLel'V11'1Jel" (Tsuda et al., 1994) 

~1'Vi1"::"1mL~"::"11u~ii6'1.fl1Vif111lJ L tl'IJ.ff 1 (polarity) vlu1J1n~1.!ln'IJ L~eJV'l'U11J1L tl'IJ 
QJ o ..1.ci1 ~ ..1 ... o ., r .., 
\Jl'l'V11"t"1eJ'VllJ6'1.fl1Vi'!J1~.!l'Vlq~ iel.!JM1J1 flel Lel'V11'1Jel" LL"tLlJ'V11'1Jel" \Jl111"1~'U n1'j~eflJ'IJ1n'U 

L el'V11'1J el"'Vl~el LlJ'Vl 1'1.1 el "~.!l L lJ'IJ n 1'j L ~lJf111lJ L tJ'W-ff 1'llel.!l~1'Vi1"t"1 eJ ~'IJ'Vl~~ \Jl1lJtl~lJ1W'Vl~eJa~"'1'1J 
~d" I QJ~ ..I 111/~C ... ~..I 

'!Jel.!l 'IJ 1'Vl L iJ 'I.I 6'11'1.1~ 6'111 ~.!l 'IJ'IJ 6'I 11"::" 1 eJL el'V11'1J el" LL":: LlJ'Vl 1'1.1 el"'Vl fl'l 111L'!JlJ'!J'IJ\Jl1 "1.!llJG'l.fl 1Vi't11'Vl 

111 n n11vl1:: ~'Uri1111 L oUlJoU'IJ~ .!l n11 L ~ el.!l"11 nij n1'j~ 6'111J 1 t 'Wtl~111ruvl111 nn11tl''IJ LeJ.!l "11 n6'1.fl1Vi 
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f!1111ij.ff1~LLi;in~h.:in'IJ'1i.:i~at\1~1vi1ata1EJijtJ·H~i1'Vlfifl1'VinTrnn~ phenolic compounds, 
• • .f .,j 4 ~ !1 tl... .,j I U 

flavonoids LLat proanthocyan1d1ns min111'11m '\JtlLEJtl'Vi'!f L~ L'U 1111W'V1LLi;inm.:in'IJ 

'111 phenolic compounds LLat proanthocyanidins L'IJLtlfieini.111L11a~11t'!l111Ltl'Un~11G'l11~ij 
G'lfl 1'Vi.ff 1t11'\J na1.:ifi.:il°lei'IJ"!i1.:i~.:i ~.:iG'f 11111ciQnG'ln~eiein1111~~111 n;i''IJ u1ei ti ~1vi1a 1 EJ L11'V11'\Jtia LLa t 

Ltl'V11'\Jtia~ijf!1111L~1l~'\J~.:i;i'\Ji;i111~1~'1..l \1~tltl1'1mh11~11G'l11 phenolic compounds LLat 

IU '111 .r 4 Cll '°t 4 II proanthocyanidins ~mrn~eiein111 L~111n'!l'\JL11ti11m1~G'l11'\J1 '\JLtl'V11'\Jtia°v11tlL11'V11'\Jtia'\JtiEJa.:i 

.... ~ ... ... ..I ..i t ... :: ..I :'1 ...;... :: ~ .... 0 ... .... t 
LLatQnG'ln~titln111 b~'UtlEJ'Vlq~L11tl '!f'U1'!!.:IL u'UG'l11'V111G'lfl1'Vi'!l1~.:I L U'\J\;ld'V11ata1EJ \;l'j.:l'!J111n'l..JG'l11 '\J 

n~11 flavonoids ~Qn'1n~'11mtlfieini.111L11a~11t'!l111111n~q~~1EJ~1vi1ata1EJ~ij.ff1~.:i L'll'U J1 

Ltl'V11'\JtiaLLatL11'V11'\Jtiam111L~1l~'\J~tiEJat 25 11EJ.:11'\J'!lti.:i Yilmaz and Toledo (2006) LLat 

Jayaprakasha LLatf!rut (2001) 1t'411Ltl'V11'\JtiaLLatL11'V11'\JtiaL~11~'\J~tiEJat 100 WL\1111tG'l1JL'\J 

n11G'I n ~ G'111tl tl n 'l'Vl~'V11.:l;g1fl1'Vi n ~ 11'111U1t n tl'l..l~'\J tl a '11 n Ll.Ja ~ tl~'\J n 11~G'l11n'Utl1 L '\J ~1vi1 
a ta1 El ~'\J'Vl~~-d1 El L fl11tJ1t~'Vlfifl1'Vi L '\J n11G'I n~G'f 11U1tntl'l..l~'\Jtla L~111 n;f '\J L~ El n11~G'l11tl1 L '\JLtl'V11 

'\Jtiatmb.:i~eiEJat 30 - 50 l1~tim1~G'111tl1t'IJL11'V11'\Jeiat'Utl~111ru~eiEJat 30 LLat 40 -d1m~11 
tJ 

~- t .... tJ !'!! QI ,.,j .... 1111.,j 
1t'1'V15fl1'Vi 'Um1'1n~G'l11 1tnti'l..lTI'Utia'11nL11a~ti~'IJ111nm1'V11t~'l..lm111L'!l1l'!l'\Jtl'\J 

~ 

1.1.2 CJ'Vl6'111.1ililn~LfloU'IJ DPPH radical-scavenging activity 

DPPH radical-scavenging activity Ltl'Um11'~m111G'l11111Cl'!ltl.:IG'l11~1'\Jtl'4~a~G'l1t 

(antioxidant - activity) L~EJmfli'EJm1-.ij''l..ln'llti'4~a~G'l1t 2,2- diphenyl-1- picrylhdrazyl (DPPH) 

~.:iL thJti'4~a~G'l1t~ LG'l~ei1 LLatG'l11111ci-r'll~ Lani;i1ei'IJ 1~~n L~ei 1~-r'll~Lani;i1ti'IJ'11nG'l11~1'1Jti'4~a 
... tl.,j .... d ... ~ I ~tl ~ ..i ... ~ 4 I ( 

tlG'l1t'1tL aEJ'IJtl'42JatlG'11t DPPH• '!f.:111'1111.:1 L Lu'IJG'l11 DPPH-H Vl11'1L°v1atl.:li)i)'IJ Yamasaki et 

al., 1994) LLG'l~.:11'11 DPPH radical scavenging activity '!ltl.:IG'l11G'ln~Ltlfieini.111L11a~11t'!l111L'IJ 

l1'11eitl~111wG'l11~an'l..lG'l11 butylated hydroxytoluene (BHT) ~.:iLtl'IJG'111~1'1Jtl'4~a~G'l1t 

&r.:!Lfl11tl11'1J\;1111.:I~ 4.2 
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.J I • ti.. ,, Q .J ... ,, 
~11'1.:l'Vl 4.2 fl1 DPPH radical scavenging activity 'tlel.:!L ~rnnVJ1JUJa'11Jt'tl11J'Vlf!n'1'1'UJ 

~1vi1ata1Em~n~h.:in'U 

... 
i.i1 

Le:J'V11'U e:ia L oU1JoU'lJ~e:iEJat 25 

Le:J'V11'U e:ia L oU1JoU'lJ~e:iEJat 50 

Le:J'V11'U e:ia L oU1JoU'lJ~e:iEJat 7 5 

L1J'V11'We:JaL oU'1JoU''lJ~e:iEJat 25 

UJ'V11'Ue:JaL-u'1JoU''lJ~e:iEJat 50 

L1J'V11'We:JaL oU'1JoU''lJ~e:iEJat 7 5 

DPPH radical scavenging activity 

(mg BHT/g TSC) 

779.89 + 12.70e 

1500.71 + 49.56b 

1503.15 + 25.03b 

1685.60 + 68.00a 

1227.82 + 56.44d 

1302.64 + 52.65d 

1331.82 + 33.31c 

'lla2;1~LU'lJPl1Lil~EJ ± ~1'lJL~EJ~LU'lJll1\Jl~J1'lJ (n = 3) LL~::~1iln'IY~LL1J1Mh~n'lJl'lJLL'lJ1~1Jl2.J.tii°il'l112.JLL\JlMh~n'lJ 

a~1~ihl'mh~'ty'V11~~ii~~~::~ul'l112.JL~alfu~aEJ~:: 95 

f!11'fln'1Ltl~e:ini11JL1J~'11Jt'tl11Jii')'Vlt~1'Uel'41Ja~fl1't DPPH el~L'Uttb.:i 779.89 - 1685.60 

mg BHT/g TSC L'1Elfl11'f!n'1Le:J'V11'Ue:Jm-u'1JoU''lJ~e:iEJat 75 iif"i1 DPPH radical scavenger ~~ffl1 

fl11'fln'1~'Ue:i~1.:iiii!EJ~1~qi'V11.:iflii~ (P < 0.05) LLatf!11'fln'1~1nJ1iif"i1 DPPH radical 
~ cl I QI .tl::if J.11 - I QI 

scavenger ~1'V1~'1 LLat~tJ11fl11'f!n'1~1me:i'V11'Ue:Ja1J')'Vlt'i~1'Uel'42Jaelf!1't DPPH ~.:im1ft11'f!n'1 
.ii ti"" .. .J .... ,,,, ....... 

~1n L1J'V11'Ue:Ja L1Jel L 1'EltJ L 'VlEJtJ'V11't'1tJf1111JL 'tl1J'tl'lJL'1EJ1n'lJ 

n11'LLf1'1.:l')'Vlt~1'UeJ'42Ja~fl1't DPPH 'tlel.:lf!11'f!n'1Ltl~e:ini11JL1J~'11Jt'tl11JLfl'1~1nfl111Jn11' 
LL 'Vl'U~'Vltj hydroxyl groups 1 'W Lfl1'.:lft~1.:i aromatic ring 'tle:J.:lft11'~1'Uel'42Ja~f!1't phenolic 

compounds, flavonoids LLat proanthocyanidins ~~,-1~~t11'Wfl11'fln'1Ltl~e:in'11JL1J~'11Jt'tl11J 

zj.:i LLff '1.:ifi.:i fl111Jf!11J11'fl 1 'W m,-1 mo Lm L~'U elt~el1J'tlel.:lft11'~1'Uel'42Ja~f!1't (Brand-Williams et 

l ) 3 .... .. .! .J'l" ti....... .. a ., 1995 'Ue:Jn~1n'Uel1~Ln'1~1nn11'Lfl1'1J')'Vlt'i'tlel.:Jf!11''Vl '1~1n !JmEl1 Maillard reaction ~~ 
.... 3 1 ~ d I tl4 II ,. ... I II 3.J 1 

Ln'1'tl'U 'lJ'tl'lJ~eJ'lJ m1'e:itJ L1Ja '11Jt'tl11Jne:i'Um1'nt L 'V11t L ae:inm EJ ~" EJ1J1'1EJ.:11'Une:i'lJ'Vl'lJ1'lJ'V11'ttp1 

fl11' melanoidins zj,:iLtl'Uf!11'~il~.t1ru'fivtl~~1ntl{jfi~EJ1 Maillard reaction 'tleJ.:Jn1LL~~1LLfl'1.:I 

')'Vlt~1'Uel'42JaEifl1'tL~L'll'Wn'lJ (Delgado-Andrade and Morales, 2005) 

ii1'1EJ.:11'U1~EJ~1't'411fl11' proanthocyanidins LLf!'1.:l')'VlB'tle:i.:im,-EYt1B.:ie:i'41Ja~f!1't'l~;i 
LLatiifl111Jf!eJ'1fl~e:i.:in'lJ1't'V111.:itl~1J1ru"tJe:i.:ift11' proanthocyanidins LLatf"i1 DPPH radical 

scavenger ~.:iL'll'U1'1EJ.:11'lJ'tleJ.:I Siddhuraju LLatflrut (2007) 1't'4111'W~1e:i~1.:ift11'f!n'1Ltl~e:in'111 
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~ .J.. ... .. , , I .,{II ... 

L1Jfl~1Jt"ll11J'Vl1JG'ITUL'Vl'U'U'U vm:i proanthocyarnd1ns ~-:i -;JtLLG'l~-:!fl1')'Vlti!Jl1'Uel'4l;!"elG'l"lt DPPH 

~-:i~1EJ ~·lfln1"l~m~nil'li'~LLeJ-:inu-:i1t.11~EJ·tm-:i Nakchat LLfltflWt (2014a) ~V4u11 G'l1"l'G'ln~L\Jaeln 

'111L1J~~1Jt"ll11J-;J1ntlT~el'Uij~1 DPPH radical scavenging activity ~-:in11G'l1"l'G'ln~-;i1mel'Vl1'Uelfl 
t .: !'1 ... • I"' II ... .,j ... II ... 0 .,j I 

'Vl-:!'Uel1';1Lu'U~a-;i1n~t.1~LLfltu"l1J1W"llel-:!G'l1"l!Jl1'Uel'4l;!"elG'l"lt'VlQnG'ln~eleln1J1~'lEJIJl'l'Vl1flt~1EJ'Vl!Jl1-:! 

C111 CL1 ,. ~ .l.cii ~ t.I 4 111~ t .I 4111 t 
~'U~n'U ~~EJG'l1"l'U"ltnelUn'Uelfl'Vl1JG'l.f11V4"ll'l~-:i-;itQnG'ln~'Vl"lelfltfl1Eleleln1J1 ~~ L'U'U1~-:!1JG'l.f11V4"tn~-:i 

I .. _, .,j ...... .: ol ~ .,j _, II _, O 

L ~'UL~ EJ'l nt.1 "lJ Wt'Vl-:11'\J'l ';J EJ'UG'I 1"l u"lt n eltJ TI'U elfl'Vl Q nG'I n ~m El 1Jl'l 'Vl1flt" 1 El L el'Vl1'U elf! LL~ t L1J'Vl1'U el~ 

'3!1t.1L'Vlqjiji1\J1t.1 na1-:i 
... ., .fi111., .. II II II f'i _, O .,j 

-:11'\J'l';J flt.I ~fl~ L~rn nG'l1"lfltfl1 EJLel'Vl1'Uelflfl'l11J L "lJ1J"lJ'U"lelflflt 75 L U'U!Jl'l'Vl1fltfl1EJ'Vl 

L 'Vl1J1tG'11JL 'U n1"l'G'I n~G'l1"l~ 1'Uel'4l;jflfilG'l"lt';J1n L \Jaeln'111 L1J~~1Jt"U11JL 'Un1"l'Vl~flel-:!.rr'U!Jlel'U!Jiel 1 \J 

L~el-:i-;i1nG'l11J1"l'ClG'ltl~G'l1"l~1'Uel'4l;!"filG'l"lt phenolic compounds LLflt proanthocyanidins lm'U 
\J~1J1WG'I-:! LL fl t~'l El L 'Vl!Jl~fl~1'Ufl'l11J L tlt.1Vi~"Llel-:!~'lvi1ata1 El~-:! Lel'Vl1'Uelflijfl'l11JL tlt.1Vi~~1 ffl1 

'U ~ 

L1J'Vl 1'\J el" LL flt L 'VI~~" ~1'U "l1 fl1"1J el-:! ~1vi1" ta 1 El~-:! Lel'Vl1'U elflij"l1 fl1 Q n n11 L1J'Vl1'U el~ 1~ El L el'Vl1'U el~ 
15.5 n1an-r11 ('Vl~el 20 ~!Jl"l) "l1fl1 1,350 tJ1'Vl ~~LU'U 67.50 tJ1'VlAl!Jl"l "lJWt~L1J'Vl1'Uel~\J~1J1W 

2.5 ~!Jl"l "l1fl1 315 tJ1'Vl ~~Ltlt.1 126 u1V1Al1J1"l 

1.2.1 \R1J1W"lJil~fl11fltlfl (yield} 

QJ' a. 14 II Q ,cil CU 111 II II II I 
G'IT~G'ln~ L ufl t1n'111JL1Jfl ~1Jt"lJ11J'VlG'ln~ ~';11nLtl'Vl1'Utl~fl'l11JL "U1J"Ll'U"ltlflflt 75 LLflt~1'Un1"l 

CLI O II ctl 4 IV .f'i II ~ f CLI 1 ,.I 
"ltL'VIEJLtl1\Jl'l'Vl1~tfl1Ele:Je:Jn~'lEJLfl"ltl-:! evaporator 11an~tLu'U~-:!LL'Vl-:!'1'U11Jl1~LL~-:i~-:iLLG'l~-:iL'U.f11V4'Vl 

4.1 

... 
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assisted extraction) ~-rnna1vlLL1J1n~h.:in'U Ltl~E.JtJLViEJ'l.Jtl'UnTrnn~~1E.11fi stirring LLat 

maceration extraction LL~~.:il'U1J11·n.:ivl 4.3 

Extraction method 

Ultrasonic 10 min 

Ultrasonic 20 min 

Ultrasonic 30 min 

Stirring 'U1'U 24 h 

Maceration 'U1'U 48 h 

Extraction yield Ci'e:iE.Jat) 

36.74 + 1.39c 

39.49 + 4.29bc 

40.06 + 2.23bc 

51.14 + 3.92a 

45.62 + 3.1 lab 

'11E12J~~iJtJfi1~Q~EJ ± '11tJ~~EJ·m.JtJi.J11J1~!1tJ (n = 3) u~t'11~n~~u.1J1n'11.:intJttJutJ1'1~1lniifl11i.Ju.1J1n'11.:intJ 

El ~1.:iiM' m;1 fl tyvn.:i'1 ii~~~t ~u fl11i.J ~ ~EJJl'tJ-i'EJEJ~ t 9 s 

n1'l~n~~1E.115 ultrasonic-assisted extraction, stirring extraction LLat maceration 

vi1tm~i'e:iE.Jateirn.:i~a~ii1J1 (%yield) fi~Ltl'Ui'e:iE.Jat 36.74-51.14 ;.:1Ltl'Utl~111ruvl~.:in-J1'l1EJ.:11'U 

'!le:i.:i Siddhuraju (2007) ~n~ L tli!e:in'111L11~~11t'!l111'!le:i.:1~'UL~E.Jvl~n~~1 m11vi1'Ue:ia L .U11-U''Ui'e:iE.Jat 

70 (yield = i'e:iE.Jat 27.21) LLat~n~~1E.Je:itii:1J1'U (yield = i'e:iE.Jat 13.10) m~~n~~1E.115 stirring 

extraction 'U1'U 24 ei1111.:i 1~tJ~111ru~1'l~n~111nvlq~LL1J1b.iLL1J1n~1.:ivi1.:i~ti~n'l.Jm~~n~~1E.115 

maceration method 'U1'U 48 ei1111.:i (P > 0.05) L1a1l'Um~~n~Ltlfie:in'111L11~~1lt'!l111~1E.115 

ultrasonic-assisted extraction ii~a~e:itl~111ru~1'l~n~vl1~ 1~m1a1m'l~n~vl111n~'Uvi1tm~ 
tl~111W'!Je:J.:1~1'l~n~iiLL 'U1 L -U11vlL ~11111n~'U 

~am'lvi~ae:i.:idtl ~L ~'U11L 1a1LLat1Gm'l~n~ii~a~e:itl~111ru'!le:i.:1~1'lvl~n~ 1~ 1~E.Jm'l~n~ 
~1EJ15 stirring extraction 1-e'L1a11'Um'l~n~ 24 ei1111.:i '!lrutvl maceration method 1iL1a1l'U 

m'l~n~ 48 .a-1111.:i ;.:ivf.:i 2 15ifiiL1a1l'Um'l~n~111nn11 ultrasonic-assisted extraction 
I ., 0 "I .,... .,j ., 0 _J ., "I ,8 ...i tJ.. ., d 

fle:J'U'!l1.:1111n vi1b'11111L1a1111ncwe:ivi1J11vi1ata1E.1'1t'lft Le:J1~1'l'11flty b'UL 'Ue:JLE.Je:J'!le:J.:IL ae:in'V!11 L11a~ 

1lt'!l111e:ie:in1111~111nn11m'l~n~~1E.115 ultrasonic-assisted extraction e:i~1.:i 1 'ln1J11111fim'l~n~ 
LL'l.J'l.J ultrasonic-assisted extraction 'li1E.Ja~'ltE.JtL1a11'Um'l~n~1~111nvlq~ fie:i'11na~'11nL1a1 

l'Um'l~n~ 24-48 ei1111.:i 1'Um'l~n~~1E.11fi stirring 'Vl~e:J maceration method l~L'Vl~m"EJ.:i 30 

'U1Vi zj.:ivi1 t m~tl~111W~1'l~n~fi~L U'Ui'e:JE.Jat 78-88 '!Je:J.:!tl~111ru~1'l~n~vtt~'11n1fi stirring \1~e:J 

- ---- -------------------------------------

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



37 

maceration method LL"tm~an~~1EJ15 ultrasonic-assisted extraction 'lJ1'lJ 30 'lJ1Vi vht~ 

1~'lJ~1nru'!.lma1~an~UJLL1J1n~h:intim~an~~1EJ1fi maceration 'lJ1'lJ 48 '8'1Ui-:i (P > 0.05) 
.... Cl.I II ...... }!( OI I OI 0 11 1.11 .r .. 
1nm~an~~1EJ15 maceration mr1mrnnm~LLV'l~'!.leN\Jl1'Vl1"t"1m'!.l1 u L'lJL'lJ'1LEJtl'!.ltl.:J 

• I.. ... d .. ,.$ .... I .r .. .. !'I, ... 0 

Lu" tln\.llJ U.m ~lJt'!.11lJL Vi tl"t"1EJ'11~'11fll qj LL"t"!!t'11~LL V'l~tltlmnn L 'lJtlLEJ tlV'l"!!tltlnlJ1tl~ L 'Um'Vl1"t"1EJ 

d ..i I ~.I d ... ,.$ .... .,j il .r .. .. ... 0 0 'I""' 
'!!-:! LlJtl~1'lJ L u~t EJt'Vl'lJ.:J~t Ln~m~'1lJ~"'!.ltl.:J'11~'11fllqj'Vltl ~ 'UL '\Jtl LEJ tlV'l"!!LL"t \Jl1'Vl1"t"1 El 'Vl1 L 'Vltl\Jl~1 

m~ LL V'l~'!.le:i-:ia1~Gf 1~ty Ln~~'lJ.a'1"-:i '!.lf.1Jt~1fi stirring extraction t .a'V1fl'nm~an~flg\'1EJntJ 
15 maceration LL~1~ffiiLL~-:in"~1nm~m'lJm'!i1EJvi11~Ln~m~Lfll~eJ'lJ1V11'!.le:i-:ii1vi1"t"1EJLL"t 
'11~.;1~ qj~~ n '1 n ~ tltl nlJ1 ~-:!hi Ln ~fll11lJ'1lJ~"'!.I el-:! '11~.;1~ qj L 'VliJ tl'lJ ntJ~ Ln~ ntJ n1~'1 n~~1 EJ1fi 

maceration ~ -:i '!11 El L ~lJ el\Jl ~1L~1'!.Iel-:!n1~'1n~1~lJ 1nn-J1 '!.I f.1Jt~1fi ultrasonic-assisted 

extraction L tl'Um~ t .a'fl~'lJfll11lJ~~-:i L oii1lJ1 t 'Um~an~ L~EJfll~'lJel"\Jl~1'!!11ilvi1 t ~Ln~m~cl'Uat L Yle:i'lJ 

'!.ltl.:J'!.le:i-:i L V1"1V1~e:ii1vi1" t" 1 EJ Ln~vle:i-:im mfll'!.l'lJ 1 ~ L~ n~a1lJ1~a LL\Jl ni11~ e:i El1-:i~1 ~ L ~1 (cavitation 

bubbles) ne:i L ~Ln~ LL ~.:J~'lJ~.:J~L oii11 'lJvi1"1EJ~iJ-:i L'l!"~'!.ltl.:J L de:i L~e:if;"!!~.:J~" L ~i1vi1"t"1EJ'11lJ1~Cl 
.. II I .r .,j 4 1" I d ...: .r .,j..!". OI I Cl.I 0 01 ,.$ 01 

LL 'Vl~n'l!lJ L '!.11~ L '\Jtl LEJ tlV'l"!! ~t)EJ1.:J~1~ L ~1 LL" t L V'llJV'l'lJ'Vl'1lJ ~a~t'V111.:J\Jl1'Vl1"t"1 El ntJ'11~'11flqjLLflt 

Ln~LL~-:iL5e:i'lJ~-:i vi1t~a1~.;1~ty~n"!!tvr~e:iLn~m~rl1m'VllJ1"a1~e:ie:in~1nL'l!"~'!.le:i-:1Ldm~e:i~"!!flt"1EJ 
,, ,, 

e:ie:inlJ1ntii1vi1"t"1EJ1~mn;i'lJ (Vilkhu et al., 2008) ~-:ii!'Um~an~~1EJ1fi ultrasonic-assisted 

extraction ~-:i'!i1EJL~lJ'lJ~mrua1~an~ L~lJel\Jl~1m~an~t~L~1~'lJL~Elfl~L1"1L'lJm~an~t~~'lJ".:J 

mlJ1f.1J'!.ltl-:1'11~~1'lJtl'4~"~'1~t fltl phenolic compounds, flavonoids LLflt 

proanthocyanindins L'lJ'11~an~L'lJ~e:in'1lJLlJ~~ (crude extract) LL'1~.:JL'lJ1J11~1-:i~ 4.4 

\Jl1~1.:J~ 4.4 'lJ~lJ1f.1J'11~ phenolic compounds, flavonoids LL"t proanthocyanidins L'lJ 

a1~an~L'lJ~e:in'1lJLlJ~~lJt'!.11lJvtl~~1nm~an~~1EJ1fiLL1J1n~1-:in'lJ 
Extraction method Phenolics Flavonoids Proanthocyanidins 

(g GAE/g extract) (g CE/g extract) (g CE/g extract) 

Ultrasonic 10 min 964.19 ± 38.66bc 553.17 ± 25.17bc 5,196.22 ± 287.62c 

Ultrasonic 20 min 984.10 ± 63.23bc 494.83 ± 141.45bc 5,231.11 ± 308.86c 

Ultrasonic 30 min 1187.05 ± 195.25a 679.83 ± 82.51ab 5,351.78 ± 300.02ab 

Stirring 24 h 858.16 ± 85.98c 501.50 ± 26.46c 5,454.00 ± 270.64ab 

Maceration 48 h 1129.27 ± 79.03ab 761.50 ± 14.14a 5,911.78 ± 452.61a 

'!imJ~LthJl'i1LQ~EJ ± ~1'UL~EJ.:ILU'U2.J1\Jl'Hi1'U (n = 3) u~:::~1~m~f~U\JlntJi1.:in'UL'UU'U1t'l\Jl2.Jliiifll112.JU\JlntJl1.:ltl'U 
~ -

£J~1.:iiiiJEJ~1~tyVl1.:lt'tfi~~~:::~Ul"l112.JL~£llf'Ui'tiEJ~::: 95 
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G'l1~G'I tll'l L tJ~ ein"11l L1l~l'l1lt'll11l"11tJ t vrqjL U'UG'l1~ proanthocyanindins 11'1EJ'W\J ei~"l u'tl1~ 

5.20-5.91 g CE/g extract fil'lLU'U~l'l"11tJ~EJEJflt 74-80 'llEJ~tJ~1l1WG'l1"S~1'UEJEJn~Ll'litJv1~-s1'1'W\J 
~~'Vl1ll'l 'l.rnn'11nile!~'W\JG'l1"S phenolic compounds ei~'lu't11~ 858.16-1187.05 g GAE/g 

extract LLflt flavonoids ei~'lu't11~ 0.50-0.68 g CE/g extract n1"SG'ltl~~1EJ1G maceration 'U1'U 

48 i111l~ G'l11l1~flG'ltll'lG'l1~ phenolic compounds, flavonoids LLflt proanthocyanidins l~ 

1l1nvlG'll'l LLfltll.iljm11lLL~n!Jl1~'V11~G'l'1~n\Jm~G'lnl'l~1EJ15 ultrasonic-assisted extraction 'U1'U • 
30 u1Vi (P > 0.05) LLG'll'l~1\.1L~'U11m~G'lnl'l~1EJ15 ultrasonic-assisted extraction ijtJ~t~'VlG.f11'W 

1 u m~"lh EJ"!ltG'f 1-s~ 1u eiein~Ll'litJ eieim11 n L tJ~ein"11l LlJ~l'l1lt'll11l l~ei ~1~"S11'1 L ~1 11'1 EJ15tl'ti1EJfll'lL1a1 

1um-sG'lnl'l'11n 48 i111l~ Lvr~m~EJ~ 30 u1ViLvhi!u 

~1'U1"5'EJi!~~11il'W\JG'l1~ total phenolic compounds L'UG'l1"SG'ltll'!LtJ~ein'11lL1l~l'l1lt'll11l 
I ...i... 1 °" al.. II d al.r ..... .J 

1l1nn11'V11l~1EJ.:11'Un1"S~"S11il'W\J 'UG'l1~G'lnl'!LuflEln'VJ1lL1lfll'l1lt'll11lLu"SEJ1EJn't; 'If~ Nakchart et al. 

(2014a) "St'lj11'WUG'l1~ phenolic compounds tJ~mw 89.21 LLflt 52.17 g GAE/100 g dry 

extract vr~ei 890 LLflt 520 mg GAE/g dry extract L'UG'l1"SG'lnl'!LtJ~ein"11lL1l~l'l1lt'll111v11~'11nm-s 

G'ltll'l~1EJ1G~1lL 'Utl1L~Ell'l LLflt stirring extraction 'U1'U 4 i111l.:i L'UG'l1"Sfltfl1EJLEJ'V11'UElflL'll1l'lltJ 

II '°'•~ I ..I ~EJEJflt 70 LLflt1lu~1l1W~.:ln11'Vl Siddhuraju LLfltf!Wt (2007) ~1EJ·:n'Um~'W\JG'l1~ phenolic 

1 QI e.14 II A ~ .., II QI o 
com pounds 'UG'l1~G'I nl'l Lu a ei n'VJ1l L1lfl I'll.I t'll11l'V1G'I nl'lm EJ ~1'V11fltfl1 EJ L1l'V11'UE!fl LLflt LEJ'V11'UE!fl 

LoV1loV'U~EJEJflt 70 11'1EJ1-ti15 stirring u1u 48 i111l.:i ~ei 23.85-32.96 g/100 g DM (.:11u1"5'EJtl 

~~11il'WtJ phenolic compounds lutJ~mw 35.42-51.52 g/100 g OM) ~~tlmlilLU'U~fl'11n 

l"hm~~1'UEl'4~fl~G'l~t'llEJ~G'l1~G'lnl'lLtJ~ein"11lL1l~l'l1lt'll11l11'1~1EJ1G DPPH radical 

scavenging activity LLG'll'l.:l~flL'U'VIU1EJ half inhibition concentration (IC50) '!JEJ.:ll°i1 DPPH 

radical scavenging activity LLG'll'l.:IL'U.f11'Wv1 4.2 
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UAE/lOmin UAE/20min UAE/30min SE/24h ME/48h Ascorbic acid 

.n1~~ 4.2 iol1 DPPH radical scavenging activity '!le:J.:IG'l1'lG'ln~utl~e:in~11L11a~11t'!l111: UAE, 
II 

ultrasonic-assisted extraction; SE, stirring extraction; ME, maceration extraction; '!lellJfl 

Lllul°l1Lo~EJ'OJ1nm'l'Vl~fle:i.:i 3 J1 (n = 3) LLflt~1ern~'l.n1~1eY.:inq~~n1V1t1~1°l1'!Je:i.:i'!le:i2;1"LL"'~.:i 

fil1111LL(;ln~h.:int1e:i~1.:iijtl'EJ&f1~cy'V11.:IG'l5~ (P < 0.05) 

iol1 half inhibition concentration (IC50) Lllt11°l1~LLG'l~.:iil.:i fil1111L'll11'!lt1'!lel.:IG'l1'lG'ln~~ 

G'l1111'l'1eJ'UB.:ie:i11~flaG'l'lt DPPH 1~ie:JE.Jflt 50 ~.:iiit1G'l1'lG'ln~~ijiol1 ICso ~~1ffl1~.:ILLG'l~.:iii.:i 
Ill I ~ - llLI ~ Cllo .al I .I • I .., • ,.. ., " 

u'lt'1'Vltl.f11~n1'lEJ'UEJ.:lel'42JflelG'l'lt'Vl~.:ln11 'OJ1n.f11~'Vl 4.1 \lt L 'Vl'l.111G'l1'lG'ln~ L ufleln\111 LlJfl~lJt'U111 

'OJ1nm'lG'ln~~1EJ15 maceration LLflt stirring ijq'Vl~m'ln1~~el'42JflaG'l'ltl~~~q~ L~E.Jijiol1 ICso 

L tlu 6.45 LLflt 6.98 111 Lfil'ln~11~e:iijfliiii(;l'l (;1111~1~u ;.:iL tluioi1~iitl'lt~'V15.n1~m'ln1~~m°'2;1" 
aG'l'lt~~ffl1G'l1'lG'ln~~1~'0J1nn1'lG'ln~~1EJ15 ultrasonic-assisted extraction U'lt111C\J 2 Lvl1 

(IC50 9 .87 - 13.19 111 Lfil'ln~11~e:iijflfifi(;l'l) LLflt~u11 G'l1'lG'ln~L tl~e:in~11L11a~11t'U111~G'ln~ 1~'0J1n 
~.:i 3 1fiijtJ'lt~'Vlfi.n1~m'ln1~~e:i'4~flaG'l'ltl~~n-J1 ascorbic acid 'Vl~e:J1(;11iju~;.:1Ltlt1G'11'l~ii 
G'l'l'l~~ru'V11.:IL 1"!1&f 1e:i1.:iLLfltilE.JlJL~lJ 1'l.ILfil~e:i.:i&f1m.:i111nil.:i 4-8 L vl1 G'lel~fil~e:i.:in'U'l1EJ.:11'l.l'Uel.:I 

Phetdee LLfltfilrut (2014) ~~u11G"11'lG'ln~Ltl~e:in~11L11a~11t"lJ111i'.iqvitm'leJ'UB.:ie:i112;1"ij"'1t 
DPPH ~.:in11 L-ascorbic acid L~E.Jijiol1 IC50 Ltl'l.I 12.9111Lfil'ln~11~e:iijfliiil(;l'l LLflt.:11'l.11~EJ;ieJ.:i1~ 

'lt'4rl1G'l1'lG'ln~Ltl~e:in~11L11a~11t"ll111ijq'Vltm'leJ'UB.:im~2;1fl~G'l'lt DPPH ~.:in11 a-tocopherol an 

G'l1'l!Ji'1ue:ie:in~L~-tt''U fie:i phenolic compounds, flavonoids LLflt proanthocyanidinds 

~ffiuG"11'l~n~Ltl~e:in~11L11a~11t'!l111 ~.:i~fl~e:iq'Vl~m'ln1~~e:i'42J"ij"'1t DPPH ii (Siddhuraju, 

2007; Nakchat et al., 2014b; Suksomtip et al., 2010) ue:in'OJ1niftt1G'l1'lG'ln~Ltl~e:in~11L11it~ 
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11t•t1111ei'.:iij6'11~~1'Utl'4~fl~G'l~t"lltl.:i6'11~lunq11 monomeric flavanols ;ia (+)-catechin, 

epicatechin, procyanidin 82, procyanidin trimer, procyanidin tetramer, procyanidin 

pentamer, procyanidin hexamer, taxifolin, apigenin, eriodictyol, luteolin LLflt 

naringenin (Sudjaroen et al., 2005; Nakchat et al., 2014a) 

1.2.3 C)'VI~ tyrosinase inhibition activity 'TJiHlt'l11iUlflLtlilen~3JL3J~flSJ::'TJ13J 

')Vl~ tyrosinase inhibition activity LU'Um~1~fl'l1116'11111~'11'Um~ei'rnT.:imt'U'l'Un1~6'1i'1.:i 
U1~~~1L1Jfl1U'U (melanin) "lltl.:iLtJ'UL'il111Vl h~L'UG'I (tyrosinase) ~.:iLU'UG'l1L'VllJ)~'Vhl~m::LLflt~~,)1.:i 

~1'U~L1ru~1 ~.:iJ'U6'11~~LLG'l~.:iciVJ~m~ei''UB.:im~'Vi1.:i1'U"lltJ.:iLtJ'UL'lll1 tyrosinase 1~~"1::'li1vei''UB.:im~ 
G'li'1.:iU1~~~'lLLflt'Vi11~vri!1mt~1.:i16'11~ LLG'l~.:ifh half inhibition concentration (IC50) "lltJ.:ifi1 

tyrosinase inhibition activity l'U6'11~6'1n~LtJ~an~11L11~~1Jt"ll11JLtJ~v'ULViv'Un'U kojic acid ~.:iLU'U 
6'11~111m~1'U~ij"'~~~flrul'Um~ei''UB.:im~G'li'1.:idj~~~1 fl~m:: ~~~h.:i~1 ~uv11L~11lull>J~1J1t1ruiri 
Lfl~tJ.:iri1m.:inq11 whitening l'Um~~ 4.3 

70 
~ 

E 
~ 60 

53.04a 

....... 
c: 50 0 
E 
J:l 
:c 40 
.~ 
QJ 

30 Ill 
cu c: 

"iii 
0 20 .... 13.0Sc ~ 10.71bc .... 
0 10 

0 
Lt'I 
~ 0 

UAE/10min UAE/20min UAE/30min SE/24h ME/48h Kojic acid 

111~~ 4.3 r-11 tyrosinase inhibition activity (IC50) "lltJ.:i6'11~6'1n~LtJ~ein~1JL1J~~1Jt"ll11J: UAE, 

ultrasonic-assisted extraction; SE, stirring extraction; ME, maceration extraction; -U'tl2Jfl 

LU'Uf"i1Lo~v"11nm~Vl~fla.:i 3 '51 (n = 3) LLflt~1ijn'\i~111'\i1ij.:inci'li~n1vru~r-11"llei.:i-U'ei2JflLLG'l~.:i 

m111LL1J1mh.:in'Uei~1.:iijtl'vri1~qiV11.:i6'1'1~ (P < o.o5) 
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i'l1"Si'ln"Ltl~eln~1JL1J~"1Jt'll11J"il1nm1an"~'JE.115 maceration, stirring LLflt ultrasonic­

assisted extraction ihrv1BE1uB.:im"Svhn'U'llel.:!Lel'UL'il1J1'Vl L "S~L'Ui'111lu!Jln!Ji1.:inu'V11.:iail~ (P > 

0.05) L"E.Ji'l1"Si'ltl""il1nm"San"~1E.11G· stirring ilfi1 IC50 ~1~'1" fiel 7. 78 11l L~"Sn~1J!Jielijfl~~!Jl1 
"Sel.:11J1fieli'l1"Si'ln""il1nn1"Si'ln"~'E.J15 maceration LLflt ultrasonic-assisted extraction 

!Jl11Jrl'1~'U L 1fl1 L 'Un1'Si'I n".f11 El L~i'l.f11'JtBfl!Jl'S1 L'ililn~'U1'U~'Uvi1 L m~i'l1"Si'ln"~i1Cj'Vl~ tyrosinase 

inhibition activity ~~mn~'U LLfltL~mtl~E.JULVie.Junua11m!Jl"SJ1'U kojic acid ~u11a1"San" 

L tl~eln~1J L1J~"1Jt'll11lilCJ'VlBL 'Un1"SeJ'U B.:im"Svi1.:i1'U'llel.:I Lel'U L'il1J1 'Vl L "S~L 'Ui'IL~\'l.:in11 kojic acid ;)" 

LU'U 4-7 Lvl1 

~.:ii1'U.:i1'U1"5' E.Jtl;fi ~L ~'U11a1"San" L tl~eln~1l L1l~"il~ne.J111~\'l.:i t um"S,111 tltl"St~n!Jl1-tt'Li~lu 
i'l1'Sel el nq'V1B'V11.:i L'J'l!~1el1.:I L 'U ~1'U n1'S eJ'U B.:i n1'S L~el1Ji'l.f11~'llel.:I ~'J (anti-skin aging) fl" mt 

'!"~1.:i~1 LLfltvi1t~~'J'll11Li'I L"E.J"S1E.J.:11'U'llel.:I Phetdee LLflt~Wt (2012) "St~11a1"San"Ltlfieln~1J 

L1J~"1Jt'll11Ji'jfi1 IC50 'llel.:I tyrosinase inhibition activity 152 11l 1~"Sn~1J!Jielijfl~~!Jl'S i'l11J1'S'1 

e1u B.:imt'U'J'Um"S&l.:i L~'S1t,,foj"~~1 L1Jfl1il'U (melanogenesis) L 'UL'ilfla L1Jfl1 L 'U1J1 (melanoma 

) ( 
I ., al4 II "' al.J' "" ..... "" cell LLflt Nakchat LLflt~Wt 2014b) ~u11 i'l1"Si'ln"Luflelfi'l11JL1Jfl"1Jt'll11JLu'SE.J'JE.Jn-et1JCj'V16L'U 

m"Stlnuel.:iL'ilfla~11vl1 'U"S'Ufl1i'I~ (human skin fibroblast cell) "i11na1111tL~~E.J"eleln~L"iu~1E.J 

nfl 1nm"S~1'Ueleln~L"etl'U fiel n1"5'"i'l1'SL'Un~1J reactive oxygen species LLfltL'11ln1'Si'l~1.:!Lel'UL'illJ 
..lo 11..I 11 "' ., 4 • • .J' 
'Vl'V11Vl'U1'Vln1'S!Jl1'Ueleln'ilL"'l!'U ~el superox1de d1smutase LLflt catalase 'Uelfi"il1fi'U11E.J.:11'U'llel.:I 

Phetdee LLflt~wt (2014) e1.:i1t~11 aT~an"Ltl~eln~1JL1J~"1Jt'll11lilCJ'Vltlum1tlnuti.:iL'ilfla~1 
~ -·l'i ' o "" !;! ... ( ) II ~ o ., .. ..I .. .J' 
b TI b u1ufl1i'l!Jl"il1 nm"S'V11fl1E.J'llel.:l"S.:1'1 ~1 Lel UV-A "1 E.J nfl bfin11n1"il"m~~fltii'l1t'V1Ln"'ll'U"il1nm1 

n"St~'U'llel.:i~.:i~~1Lel~~'JVIU.:! 
i:rnm1Pin-et1 L 'U~f .:iilua".:it ~L ~'U11L tl~eln~1J L1J~"1Jt'll11JL tluu vifi.:i'llti.:ia11~1uti~~fl 

~i'l"Stn~1J phenolic compounds, flavonoids LLflt proanthocyanidins LLfltilq'VlB~1'Uti~~fl 
~i'l'StLLfltC]'VlB tyrosinase inhibition activity \'l.:l~mtl~E.J'ULVle.J'Un'Ui'l11~1'Utl~~flVi'l1t1J1!Jl1)1'U 

(ascorbic acid LLflt kojic acid) .:i1'U1"5'E.Jtl~u11'lfil"'llel.:i~1vi1fltfl1E.JLLflt15m1an"ii~fl!Jiti 
tl~1J1Wi'l11~1'U tltl n~L"i'ULLfl tCJ'Vl~'V11.:l'iJ'J.f11~'lltl.:li'l1'Si'ltl" L" E.J1Gn11i'ltl"~ L Vl1J1ti'l1J fiti n11 Lott 

~1vi1fltfl1E.1Lel'V11'Uelflm11JL'li1J'!i'U~tle.Jflt 75 an"~'JE.115 maceration 'U1'U 48 -8'1 L1J.:1 Vl~tltl1"iltott 

15 ultrasonic-assisted extraction 'U1'U 30 u1Vi L i:Jelfl"L 'Jfl1L um1an"t ~~'Ufl.:I u!Jiii~'J11J 
"ii'1 L tl'U~el.:inm1fl.:iVJ'U~1m~~el.:ii'ielB'fl!Jl11 L'ililn t 'U.:i1'U1"5'E.Jtl1~Lfitin t-tt'a11an"L tlfitin~1JL1J~" 
1Jt'll11J"il1nn1"Si'ln"~1E.J15 ultrasonic-assisted extraction 'U1'U 30 u1Vi hltl1t~n!Jl1ft'U 

~~!JlllW'f!Lfletl'U t 'U n11'Vl"fltl.:l!Jl el'U!Jiel 1 ti L ~el.:l"il1ntl"StV!eJ" L 'Jfl1 t 'U m1;l n-et11"5' El 
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~1'S~tl"Ltl~e:ini111L11~"11t'!J111""'lJ~nTS~1'Ufl€Jn~L"tH'UL'UU~111tlJ\'l.:I ~11J11Cl~1'Ufl1111 

L~ EJ'Vl1 EJ'!J €l.:IV'la1~ij"~ L ~'U Lel~ Lfi"lil 1 nel'42;jaij~1t ~.:! Lfi"lil1 nm1mt~'U L ~Lii"tJ~ fl~EJ1 L W'U IJIE'U 

(fenton reaction) liJ1nm1vi1tl~n~m1tV111.:i1o1"1Llil'UL'llE'fae:inl'lli;l (hydrogen peroxide) 

LLatL'Vl~mwe:i~~ (ferrous iron) 1~Lll'UL'Vl~mwe:i~n (ferric iron) 10"1e:in~ale:ie:ie:i'U (hydroxyl 

ion) LLat10"1e:in~aL1~L~a (hydroxyl radical) (Fook et al., 2005) 'UEnlil1nif~11"'n"lil1n 
•I.., "' d ., o •I ~ ~ ..! ..3 T ., ::i• 

L uaelnVJ11 Ll.Ja"l.Jt'!J111EJ.:l'U11J1 u1t~ n\Jl L'!! L 'U~\Jl~1'Vlm111€11'Vl11LLatLfl1E.:1'11€11.:I L"Elflfl'11LLat 

111i;i~ (2554) vi1m11~m1viBvi1.:i"ii1fl1V'l'!Je:i.:i~11~n"liJ1mtl~e:ini1'11L11~"11t'!l111 'W'U11 ~11~fi'"ij 

C]VIBeJ'U ~.:i m1~i'1.:i Lij"~ Ll.Ja 1U'U ~.:i L tl'U~1 L 'VllJl~vi1 t ~~1 Lfl"fl'l111'VllJE.:lflJ1 ~.:itT'U~.:itl'1~11~nt'l 
a I... II G a I ~II .:'1 I t .. ., .. ..i ,3 ..i 0 .. 

L uaelnVJ11LlJa"lJt'!J1111J1u1t~n\Jl L'!!L u'U~1'U~~11 'U~a\JlflnJf!Lfl1€l.:1'11€11.:IL 'WE'U11.:1~1'W11nJ LLat 

11EJ.:11'U'!le:i.:itl''LlVi"1 LLatflrut (2555) vi1m1~n"~11lil1mtl~e:ini111L11~"11t'!l111 LLati;i11lil1Lfl11::~ 
.c:il I CV .cil II 1111111o Cil I llLI ... .., ~ -. 

vi1.:i Lfll.l V'l'U11 ~1 ,~ n"11~111J11'U €1'42;1ael~1t\'l.:i L vi EJ'U L vi1~11~ n"lil 1 n ~a\Jlfl ruf! L~111 €11'Vl11lil1n 

1Jh.:itl1t L Vlf'l ~.:! 1~tl'1~11'°' tl" L tJ~e:ini111 L11~"11t'!J1111J1~\J1J'U1LlJ'U~~1J1.fi'ru,JL'°'~11€11'Vl11~1'U E'42;ja 

"' "' ., d ,3 ., ., al... II d ..1111 .. ., JI o l•lal ~II 1'! 
€1~1t'!!'Ll"el"L11" '11'Vl1'U~11~n"L uaelnVJ11L11a"lJt'!J111VI "liJ1n.:11'U1liJEJ'U'\lt'U1 uu1t~n\Jl L'!!L1.J'U 

~1'Ll~~11'!le:i.:i 1ai'Utl11.:i~1'!l11\'11J11'Ll1L'Llt'LlttY'Ll1J1€l'Un11Vlt'lae:i.:i\Jle:i1 tl 

2.1 m1.WtUu1~fl1fi1i'u LflEJm1fitn~1tR111wf111flnfl L t1ilun~11 Lll~fl11::'!1111 l utt"'fi1i'u tafu 

u11~~1,.11tJfl1u1tuE~afu 

2.1.1 ~Wll1'W\111~Lflijua::mEJfl1'W'UU~ tafuth1~~1'U11tJfl1'U1 tus~afufl11flnfl 

tl
4 II d 

L aun\111L11afl11::'U111 

m1~m~1"i;i1\Ji1~'U 1ai'Utl11.:i~1'!l11\'11J11'Ll1 L 'U~l!ai'Ll'\11n~11"'n"L tJ~Eni1'11 L1J~t'l1Jt'!l111vl 
"I ,f II 1 "'~ tJ"' ..I "' tJ"" II G """ II L'V!lJ1ti;,11 Lm'Uel-:1\Jl'U "l"ln~1'Vl1 1111nJVIL'Vl111t~lJ'!Jel.:l"'Trnn"L ae:inVJ11L11a"lJt'!J111VI Lt'l'\11nn1"S 

~n" L"EJ15 ultrasonic-assisted extraction 'Ll1'U 30 'Ll1Vi L'Ll\'11Jl11Ji1~'U L"El~'ULLU1 3 1t~'U fie 
... ~ ... .... tJ"" "' d tll 1€lEJat 0.05 0.1 LLat 0.25 LLat'1.:!Ln\Jl~an'!Je:i.:i~11"'n"L aEnVJ1lL1Ja"1Jt'll11Jfl1EJ \JI 

mfo.:i~avi11f'!tl~n1~.:i'!J EJ1 EJ 200 L v11 L Yle:ivi1m1tJ1tLiju~"L~e:intJ~111ru'!Je:i.:i~11~nflvlL V11J1t"'1J 

~a n11VJ"a €l.:IV'l'U11n11L ~11U~1110J~11~ tl" L 'UIJi1~'U1J1 n~'Uij~avi1 L ~ Lfl"~~ n'llel.:1~11~ tl" L tJ~e:i ni11J 

L11~"11t'!J111 L ~11111 n~u~1 EJ 1"EJ-w'U111Ji1~'U~ijtJ~111ru~11~nfli'e:i EJat 0.25 ij~~mn"~uiflL'\l'U 
d 0 QI .J .c::ri. .., " '1 .. ~ ., ..., .I ) ~ .r 

'!lrutvi"i;i1i;i11'UV1L\Jl11~11~n"1e:iEJat 0.05 LLat 0.1 1JJV'l'U~an'!Je:i.:i~11~n" (fl1V'IVI 4.4 vi.:ium'\I 

L tl'UL V'l11t L~el L~~11~ n" L .U-11 UL 'UIJi 1~'1.J L 'UU~1J1tlJ~\'l.:l'Vi1 L ~f"i1m1ata1 EJ'!JE.:1~11'°'tlt'lat'la.:l~.:I Lflt'l 
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n1'~'j11J~1 n'IJ'!J'El.:1~1'j~ n~ mn EJ L lJ'IJ~~ mn~~'IJ i;i'.:i,!'IJ~1i EJ~.:I L~'Eln\'llJl'j~1i'tJvlL~i.1~1'j~n~ L 1J 

tl~111rui'eimu~ 0.05 LLflt 0.1 1tJ1:1il.um'jn~u1\'11J1'jLLfltm'jPin~1tu1J1eiu\JleiltJ 

.nTrfvi 4.4 m'jLfi~~~n'!Jei.:i~1'j~n~L tliiein'111L11~~i.it'!l1i.1 t 'U\'11J1'j~1i't1 Lfli'U\'11J1'jtJ11 iJ~l!"iu 

.n1EJt~n~ei.:i~fl'VJ'j'jflltln1~.:i'llmEJ 200 Lvh 

Q.111 I OQl.d- Q.11/ tJ I OOI ( ..I 
~n~'j'EJEJflt 0.1 \'l.:ln111Jl1'jtJ'VJLIJ111~1'j~n~'jeJEJflt 0.05 'jt111ru 2 LLflt 3 L 'Vl1 IJ111lfl1~tJ IJ11'j1.:l'VI 

4.5) 

.n1"Wvl 4.5 Lflimh~.:iel1'!l11\'lmu1 'I: iJijl!fliuvlL~i.1~1'j~n~ L tJiiein'1i.i L11~~i.it'!l111tJ1i.11cui'eiEJflt 

0.05 LLflt 0.1 
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'111'1n~ielf.J'1t o.o5 

'111'1n~ielf.J'1t 0.1 

21.75±0.12 

21.49±0.17 

44 

1'11i1 a* 

1.47±0.06b 

2.70±0.07a 

0.63±0.12b 

1.83±0.19a 

'llEl2;jflLUtJl'i1Lij~EJ ± ~11.JL~EJ~LU1.Jl.111Jl,!11.J (n = 3) LLflt~1'e1m:t,LLIJlMh~ntJ1tJLL1.J1'1"1Jziiim11.1LL1J1n.!1~ntJ 

El~1~iiiJEJri1~ty'Vl1~'1ii~~,tiUfl111JL ~EJJttJi'EJEJflt 95 

~.rnm1'V1~'1el-:i1'~'ll'U1~el'4.n1R'U1 L 'U~l!'1i'U vfu11~1i'u~ij'111'1n~i.J~i.nruielEJ'1t o.o5 

ij1"11Lvi1nu 459.9 ± 16.o 'U1L'ULl.J1J11 ~-:i11iLL1J1n~h-:i'11n~1i'u~'1.~'111'1n~ LL'1tL~m~l.Ji.J~l.J1ru 
"1 !"1 U 1 1.f I "1 ,. ( .,j ) 

'111'1n~Lu'Uim.1'1t 0.1 'tl'U1~el'4.fl1R'1t 'Vlqj'tl'U L'V11nU 613.0 ± 7.4 'U1L'ULl.JIJli IJ1111-:l'Vl 4.6 

~-:iiliXL~'U11m1L~l.J'111'1n~~l.J1n;f'U'1tvi11iX'111'1n~QnnmnuH.n1EJ1'Uel'4.n1Rl.J1n;f'U~-:i~-:ii:.1'1tiX 
'tl'U1~el'4.fl1RL'Vlqj;f'U~'lf.J 'Uelmnntrir-:i'rlu111'11m1mt'11f.J~'l'tlel-:!el'4.fl1Rel~L'U'!b-:iLLRU~-:!el~L'U'!l1-:i 
0.312-0.335 ~1'U1'11 Surface charge 'Vl~el zeta potential ;/elfii1R'l1l.JLLIJ1Mh-:i'tlel-:li.Jit~1~vh 

I ~ I ~ .,j I ol t .,j IU .,j 1'I 
it'Vl'l1-:l'll'UR'l1l.J'Vl'U1 LL 'U'U'tlel-:1 Lelelel'U'Vlel~ielU ~ el'4.fl1RLL'1tuit~ 'U'tlel-:IL 'Vl'1'l'Vlel~'1ell.JielU lff-:IL 1J'U 

1"11m otlUeln LL 'U'l L tl'l.lvlel'4.fl1R'1tLn~m1Ln1t~'l n'U L~f.JitUU~JJ'1i'U'Vl~elitUU LL 'tl'l'U'1mJ'1ti'jR'l1l.J 

L'15EJ1LL'1tL1iLn~m1Lmt~1n'U'tlel-:lel'4.fl1R L~ell'11 zeta potential i'j!')1 mnn11 + 30 mV 'Vl~el 

tl'elf.JffJ1 -30 mV (Soheyla and Foruhe, 2013) '11ni:.J'1n1i'V1~'1el-:1~1i'U'U1L'U~JJ'1i'U~LIJl~f.Jl.JL~ 
0"1""'ol !'!I ... ..l~Ud I 1 0 1 il I .,j ,. 

'Vln1Jl11Ul.JR1uit~el~ L'U'll'l-:1 -33 f;l-:1 -36 lf!-:l'll L'VIL'Vl'U'l1R1uit~el~ 'U'll'l-:l'VlL 'Vll.J1t'1l.JLL'1titUU'U1 L 'U 

~JJ'1i'UilLL'U1Ltil.JvlL'15f.JiLL'1t11iLn~miLn1t~'ln'U'tlel-:lel'4.fl1RulelLnuH'U1'U;f'U ~1'Vli'ufii1m1l.J'VIU~ 
'tlel-:!L'1i'U~-:i 2 ~1J11~1i'u ill'11el~L'U'li1-:i 4,250-4,750 cP LL'1ti'11 pH i.Jitl.J1ru 6 (1J1111-:i~ 4.6) 

1J1111-:ivi 4.6 'tl'U1~el'4.fl1RLO~f.J (Mean particle size) ~'llilm1mt'11f.J'tl'U1~el'4.fl1R (Pl) 1'11i.J1t~ 
u'Uel'4.n1R m1l.JV1il~ LL'1 t pH 'llel-:i L'1i'Uth~-:i~1'tl11~1J11'U1 L 'U~l!'1i'U'11n'111'1n~ L i.J~eln~l.JLl.J~~ 

.,j U U U 3 il.:il I "1 ) 

l.Jt'tl1l.J'V1R'J1l.JL'tll.J'tl'Uielf.J'1t 0.05 LL'1t 0.1 LL'1t~IJli'rl'UJ1'U lUJ '1'111'1n~ 

... 
fln'l;Nt'Vl1~n1EJl11W 

~1Jl,~1~U Mean particle Polydispersity Surface 
... pH ns fll111.1"11.J" 

size (nm) index 
ns charge (mV) ns (cP) ns 

~IJl,WtJJ1tJ 470 ± 14b 0.31 ± 0.00 -36.00 ± 1.00 4,750 ± 64 6.07 ± 0.03 

i'm"'n"i'EJEJflt o.o5 460 ± 16b 0.33 ± 0.01 -36.00 ± 2.80 4,292 ± 375 6.05 ± 0.04 

'11,'1fl"i'EIEJflt 0.1 613 ± 7a 0.34 ± 0.01 -33.00 ± 0.50 4,250 ± 229 6.08 ± 0.02 

ns LL'1 "~fll111J '1lJ LLIJl n \111~fltJEJ~1 ~ij,j' EJri1~ty'Vl1 ~'1Ci~~,t iUfl111J L ~mYtJi'EJEJflt 9 5LLfl t ~1'eJ'ni;, LL1J1nlJl1~tltJ 11.JLL 'U1 

"'"1.1ziiim11.1LL1J1n\111~nuEJ~1~iitl'EJri1~qi'Vl1~'1ii~~,tiufl111.1L~EJii'ui'EJEJflt 95 
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T.., ,K ocu..I.. ..,,.. II .. ' ti 
Lfl'iftl~~~'WtlJ1tlLLfltLLflt~~~~1~tJV1L~11'11~'1n~11'11~~1t1ij'4~flij'1~tnq11'11~ ~tnijtJ 

~tiijf!LLfltWfl1 L1tiijEJ~Ltlt1ij-!!tJtl~tnijtJij~Lt1'111.:i 2.06-2.41 mg GAE/g lotion LLflt 0.24-0.82 

mg CE/g lotion ~111~1~tJ L~EJ~m~1i'tJ~ihibm.J'11J'lJij-!1'11~'1n~Ltl~ijnt111L11~~1lt'lJ111ii 

'11~ ~1tiij'4lJfl ~'1~t nq11'11 ~ti ~t nijtJ~'U ijfl LLfltWfl1L1'U ij EJ~~.:i ffl 1 Lfli'U~~~if 'UJ1'U (hMi11'11~ 

'1tl~) ij~1.:iiiiJEJ~1~tyV11-!1'1fi~ (P < 0.05) LLflt'WtJ'11~~1'1Jij'4~fl~'1~t~-!I 2 nq11L'U~~~~1i'tJ~L~11 
u 1.., ou..I.. ull ..I ( ..I ) 1.f1 ., 

'11~'1n~111nm1 ~rn ~~~~1~tJV1L~11'11~'1n~~ijEJflt 0.1 111nV1~~ ~1~1-!!Vl 4. 7 tJ-!l'if11'11~'1n~ 

L tl~ij nt111 L11~~1Jt'll111 L tl'ULL 'Vlfl-!1~1~ty'!Jij-!1'11~~ 1'1Jij'4lJfl ~'1~t~.:i 2 nq11 t 'U~~~~1i'tJ 

~1~1-!I~ 4. 7 tl~111w'11~tl~tnEJtJ~'Uijfl Wfl1L1'\JijEJ~LLfltqV1~ DPPH radical scavenging activity 

'!Jij-!I Lfli'U~~~'U1 L i.i ~irf!imn n'11~'1 ti'~ L tl~ijnt111 L11~~11t'!l111 L tl~EJtJ L VlEJtJntJ~~~if 'U J1'U 

Total phenolic DPPH radical 
Total flavonoids 

~~~~1fo compounds 
(mg CE/g lotion) 

scavenging activity 

(mg GAE/g lotion) (mg BHT/g lotion) 

"'~~'VflJ~1'U " .. 2.06 ± 0.06c 0.24 ± 0.04c 0.17 ± 0.03c 

"'1~"'n~i't1ei~t o.o5 2.19 ± 0.03b 0.50 ± O.Olb 0.66 ± 0.03b 

"'1~"'n~i't1ei~t 0.1 2.41 ± O.OOa 0.82 ± 0.04a 1.54 ± 0.03a 

'llt1ll~~tl'Ufi1~ij~EJ ± ~1m~ei·m.J'Wll1~~~1'W (n = 3) u~t~1ii'm~m~~n11h~n'Wtm~'W1"'~llfiiifl11l!u~n,i1~n'W " .. 
€1~1~iitl'eiri1~ty'V11~'°'(i~~~t~Ufl11ll ~ ~t1Jl'ui't1EJ~t 9 5 

qVJ~~1'Uij'4lJfl~'1~t DPPH '!Jij-!I Lfli'Ui:.1'111'11~'1n~L tl~ijnt111L11~~11t'!l111 t ~i:.lf1'1ij~fll~ij,:i 
ntJtl~111W'lJij-!1'11~~1'1Jij'4lJfl~'1~t~.:i 2 nq11~~~1'1'WtJL'U~~~~1i'tJ L~EJ~~~~1'~tJ~L~11'11~'1n~ii 
')Vl~~mr.:iij'4lJfl~'1~t DPPH ~-!lffl1~~~if'UJ1'U tl~t111W 4 - 9 Lvi1 LLflt~~~~1i'tJ~L~11'11~'1n~ 
~ijEJflt 0.1 iiqV1~~1'1Jij'4lJfl~'1~t DPPH ~.:in11~~~~1i'tJ~ii'11~'1n~~ijEJflt 0.05 tl~t111W 2 Lvi1 

')V1~~1'U El'4lJfl ~'1~t DPPH L U'Un1~1 ~fll1111'11111~'1 m~n1~ ~'VJ~ij~tJ ET-!!ij'4lJfl il'1~t'!Jij-!1'11~~1'U 
ij'4lJfl~'1~t'Vl~ij'1n~'11 n-W'if tl.:i~11'11~'1n~iifll1111'11111~'1 t 'Un1~L ~ilL~n~~ij'IJ'VJ~ij LH 1~~ L'1'U 

ijt~ ij1J ntJij'4lJfl ~'1~t DPPH -!11'U1~ EJif LL'1~-!I L ~ L ~'U11 Lfli'U~ii~1'Ui:.!'11J'llij-!1'11~'1 n ~ L tl~ij nt111 L11~~ 
.all ., CV t .. .J II 'fll• 3 .-. .. el ...... 

1Jt'll11111 fll1111'11111~'1 L 'Um~ EltJ El-!! ij'4lJfl ij'1~t 'il-!1'1t~ n mt !Jl'U L 'VILn~'ll'UtJ ~L 1 Wi:-11\ll'U-!I L1Jij1J m~ 

'111 ~ '1 tltJ i' .:i ~ ~1 '11 n LL'1-!I LL~ ~'Vl~ij1Jfl .f111 t LL flt L tl'U ~'UL 'Vl!Jl ~ 1 ~ty'll ij,:j m~ L~ ij1J'1.f11'W'Vl~ij m~ LLn'lJE-!I 

Sl1V1u.:i 
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2.2 f1n~1fl11iJfll.:i~1'tliH1fi1i'u laiuu11.:iih'tl11'1"1u1 t uiii!aiu1i11ntt11ft nfl L tlihm~iJ LiJfifl 

3J='tl13J 

1~tl1~\Jl~~1~\J~L~l.J~1~~n~~.:i 2 ~\Jl~LLat~\Jl~~'UJ1'Ul.J1~~~il\Jf'l11l.Jf'l'3~1'tlil'3~1!U 
i:.m m~;tn131m1l.lf'l.:i~1"lm.:i 1aiuu11.:i~1'U11~1J1~'U11 'U~h!ai'U,11n~1~~n~L tl~iln~l.I Ll.J~~l.Jt'tl1l.I~ 

I I J/ ~ Gil "1 ..i ~ J/ .cif CU '1 I .._ t <llf II 4 ti 
~fl11t\Jl1'3 ~ 'W\J11 L 'Uilf'l~l.Jl.Jan~WtL 'UEJ'UL1J'UL 'Um~EJ1fi'U ~l.JLn~m~LLE.lfi'!f'U l.Jf'l113J'tl'U,.,'U~ 1'U 

2.2.1 fll113Jfll.:1~1fiilitll11=Li.:i heating-cooling cycles 

1) 'tl'U1fl m1n1=1i11t1~1LLa=fli1t11=,'tlil.:lil'41l1fll 

~an1~;tn~1f'l11l.lf'l'3~1~1.:in1E.1fl1'WL~EJn1~1~'U'U1~ n1~n~t'11E.1~1LLatfi1tl~t~'tlil.:I 

il'4fl1f'l'U1L'U~~ai'U'Uil'31ai'UL~mnu1 'U~fl11~L ~.:i~1E.11~ heating-cooling cycle 1ii1'U1'U 6 ~il\J 

~1mf'l~il.:i Particle size analyzer -wu11 'tl'U1~il'4fl1f'l~n~1~u ii'U'U1~t,.,qj;i'U LLatm~mt'11tl 
CV ... I " ,, t 3 :'1 ... CV .,j.., d - -"' 
m'Uil'3il'l~.f11f'll.Jf'l1a~a.:i Lan'UiJEJ ~'3'Uil1'1 L u'UL 'W~1~Ln~m~~1l.Jm'tlil'3il'4.f11f'l~l.J'U'U1~La n Ln~L 1J'U 

£J'4.f11f'lm ,.,qj~'U ~.:itl.:i"511£J'4.f11f'l'U1L'U'U£J.:i1ai'Uiim1l.lf'l.:i~1fi£J'U.a'1.:i~1 ~.:ii!'U~.:im~iim1;Tn~1 
L ~" L~l.I t 'U~1'U m~ L~l.l~1~ri ilij~ai'U t im n;i'U ,.,~ii L ~l.l'lfil~'tl £J.:i~1~ri£Jij~ai'U~'l11 EJUil.:in'Um~ 
~1l.J~1'Uil'3il'4.f11f'I L .a'1 L tJL 'U~1~\J L yjil WL iil'4.f11f'ILn~m~~1l.J~1n'ULLatiif'l11llf'l'3~1l.J1n;f 'U L 'U~1'U 
'Uil'3fl1tl~~~\J'Uil'4.f11f'l'WU'J1iifi1uJLtJ~EJ'ULLtla.:iiJ~L'U'li1'3 -33 Ci.:i -39 (\Jl1~1'3~ 4.8) 

\Jl1~1'3~ 4.8 'U'U1~il'4.f11f'ILil~EJ (mean particle size) ~'lfiinTrn~t'11EJ'tl'U1~il'4.f11f'I 

(polydispersity index) LLatfi1tl~t~\J'Uil'4.f11f'I 'Uil.:i 1ai'U'u11.:i~1'tl11~\Jl~'U1 L 'Uij~ai'U'11n~1~ 
CV ti"'* II d .=ii II 11 11 I CU 

~n~L a£Jn'V!l.1Ll.Ja~l.Jt'tl1l.l~m1l.IL'Ul.J'U'U~ilEJat o.os LLat 0.1 nil'U (t=O) LLat,.,a.:i heating-

cooling cycles 6 ~ilu (t=6) Ltl~EJULViEJunu~\Jl~~'UJ1'U 
~\Jl,Y'11JJ11J i.R111rufl1,fln'1l1J~1J1,,j'1i'u1fl'6'1J 

... (WL~h.Jfl1,fltl'1) i'tit.1fl:: 0.05 i'tit.1fl:: 0.1 fl n'!Yru:: vn.:i m t.1.fl1Y'I 

t=O t=6 t=O t=6 t=O t=6 

Mean particle size (nm) 470 ± 14 716 ± 27* 460 ± 16 633 ± 24* 613 ± 7 847 ± 24* 

Polydispersity index 0.31 ± 0.00 0.30 ± 0.01 0.33 ± 0.01 0.31 ± 0.02* 0.34 ± 0.01 0.32 ± 0.00* 

Surface charge -36 ± 1.00 -37 ± 1.00 -36 ± 2.80 -39 ± 0.90 -33 ± 0.50 -36 ± 1.00 

'\112.J1EJL'\ll~ :- * Paired t-test, P< 0.05: ulmtJ;vuLVivutiu t = o LLi\''liif'l'l12.JLL'1nPi1~'V11~i'lfi" 
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2) fll1111fll.:1~1'llil.:iflhfi L * a* b* 

-;nnm~Pim~n m~L ti~ EJt.1u tlfl.:i~'tlil.:I 1flit.1th~.:i~1'!l11~1J1~t.111 t.1~1Yflit.1-;i1na1~anfl 

tl
<OI 11 Q QI Q 'I I II "" 1 "1 I I 

L fliln\1l.1Ll.Jflfll.Jt'!l1l.J'Vlfl.:1'11mmHt.1afl11tL~.:i fl1EJLl"l~ei.:i Colorimeter f!EJ1flfil1 L * uafl.:lfil1 
II 

m1l.la11.:i fi1 a* uafl.:ifi1~ufl.:i Ufltfi1 b* LLafl.:ifi1~L'Vl~ei.:i ~flm~YlflfleJ.:!Vi'U11 fi1 b* Vl.:i 2 

~1f'Ul1fi1L fil.J;f t.1 ~1t.1fi1 L * t t.1~1ftJvll1a1~anfli'eiEJflt 0.1 l1fi1flflfl.:IL~m!eiEJ ~1t.1~1ftJvliia1~ 
QI II .. I 1 ' ti"" ti ..I I !j 'I 0 QI ..i.. "1 II .. I 

anf!~eJEJflt 0.05 l.11"11 l.JL flEJtiU fl.:! '!lrutY11"11 a* ('1LLfl.:i) ~t.11J11~'UY111a1~anfl~eJEJflt 0.05 l.Jfil1 

Lfil.J;ft.1L~m!eiEJ ~1t.1~1ftJvll1a1~anfli'eiEJflt 0.1 iifi1'WLtl~EJt.1utlfl.:i (1J11~1.:ivl 4.9) ~.:i~fl'Vi1t,.;'~ 
JI 1 ., ~ o ., II ,N Q II ~ J' Pt ~ .. ti"" ti 

'!Jil.:!Ltii) fl"ll\.IYl-:1 2 \Jl1~'U L'!Jl.J'!JtiLflntieJEJ Yl.:ltii)1'1L1Jti~fll.J1'11nn1~LG'li)l.Jafl1EJ'V!~i)n1~L flEJ\.IU fl.:! 

11"l~.:iai'1.:i"lJei.:ia1~'11~qitt.1a1~anflLtl~ein~l.JW~fll.Jt"ll1l.J 

\Jl1~1.:!vl 4.9 fl1~ L * a* b* '!JeJ.:!1flit.1th~.:!~1'!J11~\Jl~ti1 fo~1Jflit.1vliia1~anf!Ltl~ein~l.JW~fl 

l.Jt'!J1l.Ji'eiEJflt 0.05 Uflt 0.1 neit.1 (t=O) Uflt'Vl~-:1 heating-cooling cycles 6 ~eJ'U (t=6) 

n1EJfl1Vi 

fi1~ L* 

fi1~ a* 

fl1~ b* 

i'eiEJflt 0.05 

t=O 

21.75±0.12 

1.47±0.06 

0.63±0.12 

t=6 

21.65±0.76 

1.80±0.21* 

2.08±0.52* 

t=O 

21.49±0.17 

2.70±0.07 

1.83±0.19 

'Vl1.J1m'Vlll) :- * Paired t-test, P< 0.05: ulaLtl;vrnVivi.Jnt1 t = 0 LL~1iit'l111.JLL111n"1.:im.:ii'lii;\ 

t=6 

20.65±0.25* 

2.64±0.09 

2.61±0.39* 

~fl m~Pin~1f111"111l.JV1Ufl'llei.:i 1flit.1tl11.:i~1'!l11~mt.111 t.1~1Yflit.1'11na1~anf!L tl~ein~l.J 

Ll.J~fll.Jt'!J1l.J Yi'U11fi1m1l.JV1i1fl'Vl~.:i-;i1n L1J1~EJl.J~1f'U~.:1V1l.Jfliifi11iJ u1J1 n~1.:int.1ei~"l mb.:i 4,250-

4, 750 cP LLflt'Vl~.:1'11mn'UL\.lafl11tL~.:I Vi'Ul1 'Vln~1f'Uiifl1fil11l.J'V!Uf!L~l.J;itii)~Lti'li1.:i 8,000-

8,458 cP ~.:iilm'1 L UtiL Vi~1teJ'4fl1filti11t.1~1Yflit.1Lnfln1~Lmtntjl.Jnt.1L~i)Ln'U111 t.1afl11t L ~.:i'Vi1 t,.; 
fl1fil11l.J'V!Uf1Lfil.J;fti ~1tifl1 pH Vi'Ul1'VJn~\Jl~~1f'U iifi1 pH 'WLtl~EJtiUtlfl.:!fl1EJ'Vl~.:!Ln'UL\.lafl11t 
L~.:I 1flEJ21fi1 pH ei~"lt.1'111.:i 6.05-6.08 (1J11~1.:ivl 4.10) 
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m11.:i~ 4.10 ri1m111V1i!~LLat pH "tlfl.:i 1ai'Uti1;.:iN1"tl1'l~'11'U1 L 'U~hjai'U~a11ati'~L tJ~fln'11J 

L1Ja~1Jt"tl11J~f!E.Jat 0.05 LL~t 0.1 rlfl'U (t=O) LLat'Vl~.:i heating-cooling cycles 6 1fl\J (t=6) 

~\Jl~W'UJ1'U (W~~lli'l1~i'lrll'I) i.J~mtui'l1~i'lnl'l lu~1J1~,j1i'u 1flfu 
., 

~t!E.Jfl:l 0.05 ~e!Elfl:l 0.1 fln~tu:l'Vl1.:ln1EJ111W 

t=O t=6 t=O t=6 t=O t=6 

f'l1fil1111vrill'I (cP) 4,750±64 8,458±173* 4,292±375 8,000± 291* 4,250±229 8,208±105* 

1'11 pH 6.07±0.03 6.07±0.04 6.05±0.04 6.08±0.02 6.08±0.02 6.07±0.03 

111JJ1m1111Jl :- * Paired t-test, P ~ 0.05: ujmtJ;vuLYlvunu t = o LLa1iifl'l12JLLt11n"1~Y11~i'liiii 

~am1;ln~1m111~.:i~1"tlf!.:1\J~mru total phenolic compounds, total flavonoids 

LLat DPPH radical-scavenging activity "tlfl.:I 1ai'Uti1;.:iN1"tl11~'11'U1 L 'U~2!ai'U~1na11ati'~ 

LtJ~f!n'111L11a~11::"tJ111111EJ'Vl~.:iLnut'Ua1111::L~.:i~1EJ15 heating-cooling cycles "Wu11 tJ~111ru 

total phenolic compounds t'U~'11~1i'unf!'ULLat'Vl~.:im1Lnut'Ua1111::L~.:iijtJ~111ruvl'WLL'1n~1.:i 

'V11.:iai1~ (P > 0.5) Ldfl1L~11t,.,~111JLL'1n~1.:i~1EJ15 t-test ~1'Vli'uri1 total flavonoids 'WU11 ij 

tJ~mruL ~l.l~'U t 'U 1ai'U~'11~'Ui1'ULLat~'11~1i'u~L~11a11ati'~~f!E.Jat 0.05 'Vl~.:im1Lnu t 'Ua1111:: 

d.:i "tJWt~'J'Vlt DPPH radical-scavenging activity "tlfl.:!Lai'U~'11~1i'u~L~11a11ati'~~.:i 2 ~'1-S 
a~a.:iV1~.:im1Lnut 'Ua1111::L ~.:i Lan'i!f!EJ (111'W~ 4.6) ~.:idm~Lii~~1nm-sLL'1n~1'Vl~flm-s 
L tJ~ EJ'ULL tJa.:i 1~-s.:ia~1.:i"tJf!.:la11tJ1::nf!u~a111'Uf!EJ~1~EJ LO'W1tf!~1.:i~.:ia1-s proanthocyanidins 

~.:i L tl'U fl.:iiltJ1:: nf!u'VI~ n t 'Ua1-sati'~ L tJ~fln'111 L11a~11::"tJ111 LL~::m~-s.:ia~1.:iL tl'U polymer "tlfl.:ia1-s 

monomeric flavan-3-ol fifl (+)-catechin, (-)-epicatechin LLat dimer flavan-3-ol ;if) 

procyan idins vi1 t \1a11111ri'111~1' ~tJ~1J1W"tlfl.:ia1-stJ-s::nf!u~a111'Uf!EJ,}L ~11111nt'ULLat~.:i~ai1.:i 
'J'Vltm1Ei'uO.:ifl'4~a~a-st~LtJ~EJ'ULLtJa.:i1tJ (Sudjaroen et al., 2005) 
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c 
(a) 

II initial (t=O) • heating-cooling cycles (t=6) 
0 
:g 3 ....J 

;]; 2.21A 2.41a 2.42A 
<( 3 
I.'.) 

on s 2 
V\ 

"U c: 
2 ::J 

0 a. 
E 

1 0 
u 
-~ 
0 1 c: 
Q) 

.s:::. 
Cl.. 0 

Control added extract 0.05% added extract 0.1 % 

(b) 

c 1.0 
0.82a 0.86A 

0 
'.P 
0 0.8 ....J 
on 

U:i 
u 

0.6 on s 
V\ 

0.4 "U 
"(5 
c: 
~ 

0.2 .!9 
LL. 

0.0 

Control added extract 0.05% added extract 0.1 % 

2.0 (c) 

c 1.54a 
:~ 

1.5 ti 
"' c on c: 0 
·o;, :g c: 

1.0 ~ 
....J 
on 

"' f:::: u 
V\ ::c 

'° al 
u on 0.5 '6 s (!! 0.17c 0.16C 
::c 
Cl.. 
Cl.. 

0.0 0 

Control added extract 0.05% added extract 0.1 % 

m'V-4~ 4.6 LtJ~EJ'l.JLVJEJ'l.JtJ~111ru total phenolic compounds (a), total flavonoids (b) U.fl~ DPPH radical­

scavenging activity (c) "!JeJ.:J 1fl-B''U\i~,-tf'UJ1'U (control) U.fl~\i~,,j1i''l.J~L~h.Ji"11,i'fn(;JLtJllein~2.JL2J~(;l2.J~"!J12.J 
-Seitif!~ 0.05 U.fl~ O.l L'IJ"li1.:itfo'IJ (t=O) U.fl~'Vl~.:Jfl1,'Vl(;li"1eJ'l.Jfl112.Jfl.:Ji1~1EJ15 heating-cooling cycles 6 ,el'U (t=6) 

"'11J1EJL'l1~ - 111·cmi~nq~Vl1J~~~nu.fl::Vl1Jv-41'11qj~u."n.h~nutuu.-'fl::,Ja2;1flu.ft'1~l'l111Ju."n-'1~a~1~iiuvri1~'11Vl1~ftii;i (P ~ 0.05) 

- * Paired t-test U.~1i°il'l111JU.'1n"1~Vl1~ftii~ (P ~ 0.05) 
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.... .. ... ...l1.J'1 ..I t .I .. II d It 11'! 
l.J~1EJ.:i1'Un1~'J~E.JvttJ.:i"!l'J1'11~ tlavonoid Vl~tJ 'UL u~Eln\1l.1Ll.J~fll.J::'U1l.J'1'J'U 'MtyL1J'U 

"!IUfl Ll.JL'ULl.JEli (monomer) ltli'LLrl (+)-catechin LL~:: (-)-epicatechin LL~::LflLl.JEJi (dimer) ;)El 

procyanidins LU'U'11~n~l.Jvl"!lt1tJtl1 (hydrophilic) ~.:iJ'U~.:iijfl'l1l.Jfl.:ii1.Ut1eiult1t1~"lu11hi'ul~iu 
vlij'9'n~ru~Ltl'U~l!~i'U'IJ~::L.nvttl12J'Um~~1eii1t'Utl1 Co/w) L~~1::'11~vl"!le:iuJ1~::~nnmnuu~L1ru 
~1'Ue:i.:ie:i'4.n1fl ~.:ivi1 t ~'11~'11m~Cl&ll.J~'1nutl1LL~t 0 2 vle:i~ "l 'Ll11J1.n1fl.n1ei'Ut1n~.:im~L ~'U'11 L ""IJl'llEI~ 

... .. • 1...I • I T ., ..i ., ., I ~ ., ( 

n1~LL\Jln\Jl'J'M~Eln1~L 1J~E.l'ULL u~.:i Lfl~.:i'1~1.:i'Ut1.:i'11~ tlavonoid Ll.JEJ~nmtlJl'UmEJ'1.fl1'JtL ~~ Lfl De 

Taeye et al., 2014; Jelena et al., 2015) 

2.2.2 fl113Jfl.:ii1ttAit1111::tJn., (~N'M1Jij'1e.:i> 

1) 'll'U1fl m1n1::~1gf11LLa::fi1tJ1::~'llil.:lil,_.111fll 

~1nn1~~n~1fl11l.lfl.:ii1vi1~n1ei.n1~lflein1~1fl'll'U1fl n1,n~::~1eii1LL~tf111'1J,::~'Ut1~ 

El'4fl1fl'U11 'U~l!~i'U'lle:i.:i l~i'ULdmnut m~ru'MJJii'IJn~Ltl'UL 1~1 1 LL~t 3 L~EJ'U ~u11 'll'U1f1El'4fl1fl 

iff.:i 3 11i1i'u ij'll'U1flL'Mqj~'ULdmnuHvl~ru'MJJii~e:i~Ltl'UL1~1 1 LL~:: 3 L~e:iu 'WLL1J1nl111~nu LflEJ 

'll'U1f1El'4fl11°1 L ~l.J~'U'IJ~::mru 300 'U11 'ULl.J\Jl~ t 'UVJn11i'1i'u '11'Um~m::~1eii1'llt1~El'4fl1flLL~tfll1 
'IJ~t~tJ'UEl'4fl1fl ~u11 hJijm,L 'IJ~ EJ'ULL 'IJ~~ LflEJf111m~m~~1eii1'Ue:i~t1'4fl1flt1~"1. 'U'r11~ 0.285-

0.343 LL~tfll1'1J~t~El~L'U'ri1.:i -34 5~ -39 (.n1~vl 4.7) 
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(a) ~ man particle size ....... Pl 
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2) fll1111fll./li1'T.IU./IA1fl L * a* b* 

i:.J'1 m'jPim~n nTn tl~ ErULL tl'1.:i~'l.lti.:i fai'Uti1l.:i~1'l.l11~1J1'j'IJ1 L 'U~"'1i'U'11 m11'janfl 

Ltl~tim1lJLlJ~~l.Jt'l.11lJLn'UL'U;)nJ'Vffliitln~LU'UL1'11 1 LL'1t 3 L~tl'U 'W'll11 fl1 L * ~.:i 2 11hi'uilf11 • ~ v 
Q .., ,.. O ILi .J41111 &I II t I 4111 .I .. f't II 'f I 

'1~'1.:IL'1n'UmJ ~~e.11J11'j'LJ'Vll.Ja1'jan~'jt1e.J'1t 0.05 '1t'1~'1.:i1J1.:iLL1J1L~t1'U'Vl 1 flflL1J'IJ'jtJeJ'1t 4 ~'Ua1'U 

..;.. II 'I 4 ..I .. .!'! II .,j I 1 0 &I ..i .. 
!Ji1i''U'Vll.Ja1'jan~ 'jtJeJ'1t 0.1 '1t'1~'1.:I ~'UL~tl'U'Vl 3 fl~L1J'IJ'jtle.J'1t 7 'l.ln.lt'Vl fl1 a* 'UIJ11'j'LJ'Vll.Ja1'j 

G'ln~i'tie.J'1t 0.05 ilfii1L~l.J~'UL'UL~tl'U~ 3 ~1'U!Ji1i'u~ilG'l1'jG'fn~i'tieJ'1t 0.1 ilfii1'1fl'1.:l,.:ILL~L~tl'U~ 1 

'Ut1n'11nifvm11 fii1 b* ilfii1L~l.J~'UL'U~.:i 2 !Ji1i'u L~mnuH'U1'U 3 L~ti'U ~.:ii:.J'1vi1l~Lift11'1i'Uil~ 
,, 3 :: ..r !"1 "' ,.9 ... .... tl..i tJ ,. ,, 

L 'l.ll.J'l.l'U 'Vl.:l'Utl1'1 L u'Ui:.J'1lJ1'11nn1'jLG'ltllJG'l'11eJ'l.ltl.:IG'l1'j'11flty'V!'jtJn1'jL '1e.J'ULL '1'3 ~fl'j,:jG'f'j1'3'l.ltl'3 

,.9 QI 1 QI tJ"" II d 1 I d QI ( .,j ) G'f1'j'11filty 'UG'f1'jG'fn~L '1tin~lJLlJ'1~l.Jt'l.11lJ 'IJ'jtV111.:im'jLn'LJ'jn~n 1Jl1'j1.:l'Vl 4.11 i:.J'1n1'j 

Ltl~eJ'ULLtl'1.:iifG'lt1~flat1.:inum'j'Vl~'1t1.:ifl11lJ1"1.:ii1l'UG'lfl11tL~.:i heating-cooling cycles ~1'U1'U 6 

'jtJ'LJ 

1 L~tl'U LL'1t 3 L~tl'U 

., m2.11ruei11etn'1t'IJ~\Jl1l'i1i'u1fli'IJ 
fl ni;ru::'Vl1 ~ 

i'Etifl:: 0.05 i'Etifl:: 0.1 
n1tlil1~ 

Initial 1 L;)E'IJ 3 L;)E'IJ Initial 1 L;)E'IJ 3 L;)E'IJ 

fi1~ L * 21.75±0.12 20.81±0.54* 20.68±0.26* 21.49±0.17 21.61±0.61 19.83±0.39* 

fi1~ a* 1.47±0.06 1.37±0.15 1.78±0.18* 2.70±0.07 1.88±0.21* 2.09±0.10* 

fl1~ b* 0.63±0.12 1.42±0.12* 2.08±0.28* 1.83±0.19 2.28±0.40 2.39±0.35* 

'111J1VL'l1~ :- * Paired t-test, P ~ 0.05: Lilmtl;vuLVivunu initial u.fl'1ilf'l111Ju..-infi1.ifl1.ii'lii~ 

3) fll1111fll./li1'TJUUhfll1111'MUfl LI.ii~ fli1 pH 

'11n m'jPl n~1fl11l.J fl.:! i1fii1m1l.l'VIU~'l.lt1.:i L'1i'Uti1l.:i~1'l.l11~1J1'j'IJ1 L 'U ~"'1i'U'11na1'l 

G'ln~Ltl~e:in~lJLlJ~~l.Jt'l.11lJ'Vl~.:!Ln'UH~ru'VIJJijtln~LU'UL1'11 1 LL'1t 3 L~El'U 'W'U11 VJn~1J1'l!Ji1i'uilf11 

m1lJ'VIU~L~lJ~'Ufl1e.1V1~.:iLnuH~~ru'VIJJ"tln~Lll'UL1'11 3 L~e:i'U ~~Lu'Ui'tie.i'1t 21 ..r.:iift11'1LU'U 

L'W'j1tEl'4fl1fl'U1 L 'U~"'1i'ULn~n1'jLn1tn~l.Jn'UL~mnuHLtl'UL1'11'U1'U ~1'Uf0l1 pH 'W'll11VJn~\Jl'j 
O "' .. I ~- ! tl.,j tJ ,. ... I il I .,j ) ~ 

1Jl1'j'LJ l.Jfl1 pH ~L '1e.J'ULL '1.:1 ~~e.Jl.Jfl1 pH El~ 'U'tt1'3 6.05-6.08 (1Jl1'j1'3'Vl 4.12 ~'1n1'j'Vl~'1tl'3'U 

G'IEJ~flae:i.:inum'j'Vl~'1e:i.:im1l.Jfl.:ii11'UG'lfl11tL~.:i heating-cooling cycles ~1'U1'U 6 'je:J'LJ 
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~WVIJJii~a.:i 'U1'U 1 L~a'U LLflt 3 L~a'U 

~m~1i'u 
l'i1fl11l.l\1il'1 (cP) 1'11 pH 

Initial 1 L;lvu 3 L;lvu Initial 1 L;lvu 3 L~tl'U 

~1Jl7W'U~1'U "' .. 4,750±64 7,750±244* 5,669±135*. 6.07±0.03 6.05±0.05 6.07±0.03 

L~l.1~17~tl'1~£lEJelt 0.05 4,292±375 7,375±237* 5,542±134* 6.05±0.04 6.07±0.03 6.05±0.05 

L~2.J~17~tl'1~EJEJelt 0.1 4,250±229 6,583±182* 5,333±173* 6.08±0.02 6.08±0.03 6.05±0.05 

\12.J1EJL\11J) :- * Paired t-test, P< 0.05: LilmmEJuLVIEJunu initial LLg\'1iJfl11l.ILL\Jln~h~vrn~i1~ 

4) fl111Jfl.:Ji1'tlil.:Jfl11fl1'UililntULfl<f'U 

tJ~lJ1W total phenolic compounds, flavonoids LLflt'lVlB DPPH radical 
'I 'i ., 'i .. ., ., .f o ., ..I ... "' • 1.. 111 Ill 

scavenging activity b 'U bfl"ll'U'U1 b'Ual.Jfl"ll'U~\Jli'n'Ul1'ULLflt~\Jli\Jl1i'UV1L\Jll.JaT'H'ln~ L uflan\1l.l Ll.Jfl~ 
,, .,j I .,..i .. Ill 4 

l.Jt'tl1l.Jim.mt 0.05 LLflt 0.1 Ll.Jat.i1'Un11Vl~aa'Ufil11l.Jfil.:l\Jl1Vl~WVIJJl.lV!a.:I 'U1'U 1 L~a'U LLflt 3 
4 'I ..I • 'l'i"'t .f oOl..I 
L~a'U ua~.:i b'U.f11V.Vl 4.8 a11 total phenolic compounds b'Ubfl"ll'UV1.:l~\Jli'n'U~1'ULLflt~\Jli\Jl1i'UV1 

L~l.Ja11an~L~lJ~.:i~'Ua~1.:i~m~a.:iV1~.:im1Lnu~mfl~~ruV1JJii~a.:iiJTu 3 L~a'U ~1V1~ua11 
flavonoids L'U~1~u Lf!-a''U~L~l.Ja11an~LtJi1an'1lJLlJ~~l.Jt'tl1lJ~.:i 2 ~\Jli ijtJ~lJ1ru~.:in-11fi1L~l.l!A''U 
..I " 1111..I •I ... iJ" "" ., -' 1" .. t A' ~ Ll.lmnu 1via1111tun1J1L 'UL1fl1 1 L~a'U LLfltfl~fl.:i'Vlfl.:ln11Ln'l.J 1'U1'U 3 L~a'U Vl.:l'Ut111i!L1J'Ut.ifl1J1 

1i11na11tJ1tnm.J~a ~L 'Ua11an~L tJi1an L1J~~1Jt'tl111~.:1L ~'Ua11n~11 oligomeric flavonoids 1~LLn 

procyanidin 82, (-)-epicatechin, procyanidin trimer, procyanidin tetramer, procyanidin 

pentamer, procyanidin hexamer, LI.flt polymeric tannins Ln~m11.1.1J1n~1L~'U monomeric 

flavonoids vi11~a11111Cl\Jl'l'11il1'~tJ~111ru flavonoids 1~111n~'U Vl~.:11il1nif'Ua11i!Ln~m1 
L~a11a111-r.V1~am11111~1'tla.:ia111'Un~11 monomeric flavonoids ~.:i'1.:it.ifl 1 ~tJ~111ru flavonoids 

..I "'1" ~ ( ) ..i .,..i ... ., Vl\Jli11il1~ ~fl~\Jl1fl.:I Sudjaroen et al., 2005 LLfltL1Ja'Vl~aaufil11l.Jfil.:l\Jl1Vl~ruV1JJ1l"1-rn.:ifl1'U 3 
4 I 0 Cl.I .cl.cl QI II .illll I • • .tll I .. 

L~a'U nu11 ~\Jli1J111uvi11a11an~1aEJflt 0.05 1Jfil1 remaining V!iafil1n1ifil.:ILV!flil'tlil.:la11 

• II 0 QI .cl.i111 CU II ollll I ... • 

flavono1ds iaEJflt 84 LLflt~\Jli\Jl1i'UVll.Ja11an~1ilEJflt 0.1 l.Jfil1n1ifil.:ILV!flil'tlil.:la11 flavono1ds 

-laEJflt 82 LLa~.:i1 ~L~'U111fl-a''Ua11an~L tJi1an'11JL11~~11t'tl111~1J11'U1 L 'U~l!f!-a''U~~~'U1 l~ijfl1111 

fl.:i~1'tla.:ia11~1'Ua~~fl~a1tfia'U~1.:i~.:i U.fltnu11~1J11~1~u~L~11a11afi'~ija.:i~tJ1tnau'tla.:ia11 
II ._cu 1 3 ocu..I.... cull • II .... cu 
1J11'Uaan'l!L~"ll'U~.:im1~1J11n'Ul1'U L1.flt~1J111J111uviL1J11Ja11an~1aEJflt 0.1 11a111J11'Uaan'l!L~"ll'U~.:i 

n11~1J11~1~u~L~l.Ja11an~-laEJflt 0.05 a~1.:iijtl'm~1~qivi1.:iati~ (P < 0.05) 
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-+-Control ~-added extract 0.05% -.-added extract 0.1% 

- --:. :='-::=-------

initial 1 Month 3 Month 

A 

B ---- ........ b _,,,,,._,,,,,. ........ ......., a -- ........ ...- c ........ , b 

~-------------+-----r ----- ..x ---y c 

initial 1 Month 3 Month 

a 

a 

b --- _ __. b -- B ---.... -c c 
·-------------+--------------

initial 1 Month 
Storage time 

3 Month 

fl1~~ 4.8 nTntl~E.J'ULLtl~.:i'lleN total phenolic compounds, flavonoids LL~t']'VIB DPPH radical 
., 'i' ... 'i' .. ... ... .r 0 .., ..i .. ... u· "' " 

scavenging activity b'U b~'l!'U'U1 b 'UeJ1J~"l!'U~\Jl,.~'U~1'ULL~t~\Jl,.\Jl1,.\J'Vl L\Jl1J"'1'Hrn~ L ~einVJ1J L1J~~ 
II I G QI al .. ., .. 

1Jt'lJ11J,.eJE.J~t 0.05 LL~t 0.1 ,.t'Vl'l1.:ln1,.Ln\J,-n~1'Vl~W'Vl3J1J'Vlel.:l'U1'U 3 L~el'U 
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i:.1am,-'Vl~~t1'Ul"l111Jl"l.:1~1'lltl.:IC]'VI~ DPPH radical-scavenging activity ti.J~1i''ll 1aii.Ju11.:i 

~1'!l11~1Jl,.i.J11 i.J~l!aii.J~il~1,-~n~Ltl~e:in'111UJ~~11::'lJ111i'e:iEJa:: 0.05 LLa:: 0.1 ~tJ11 ~.:i 2 ~1i'tJii 
CJ'Vl~~1i.Jt1'42;la~~,-::a~a.:i LLa::LdmntJHi.J1i.J 3 L~t1i.Jiifil1 remaining 'llt1.:JC]'Vl~~1i.Jt1'42;Jail~,-::t1tj 
ti.J'!b.:ii'e:iEJa:: 84-98 ~.:im,-Ltl~EJi.JLLtla.:i'!Jt1.:IC]'VI~ DPPH radical-scavenging activity iiLn~i'i.J 
li!1flfl1,.L tl~EJi.JLL tla.:itl~mruLLa:: Ll"l,-.:i~i'1.:i'!Jt1.:i~1,-~1i.Je:ie:in~L~ii.J total phenolic compounds 

LLa:: total flavonoids t i.J,-::V111.:im,-LntJi'm~n ~IJl,.~1i'tJ~L~11~1,-~ntllJl,-1"1~'UC]'VIB~1i.Jt1'42Ja 
Cit. I 3 I OQl.1- CUii J.11 -
e:i~,-::~.:ln11~(;l,.~i.J~11J 4-9 L'Vl1 LLat~(;l,.(;l1,.'U'VILIJl1J~1,.~fl~,.tlEJa:: 0.1 ~'UC]'VIGIJl11Jt1'42Jatl~,.::~.:i 

n11~1Jl,.~1i'tJ~L~11~1,-~ntli'e:iEJa:: o.o5 tJ,-::mru 2 Lvi1 

tl 4 II d "' "' L flt1n\1llUJflflll::'tm.mue:i1a1tt3Jfl1 

li!1fl i:J a m,-'Vltla e:i.:i-U1.:i~i.J ~tJ11~1i'tJ 1aii.Ju11.:i~1'!l11~1Jl,.i.J 11 i.Jill!aii.J"OJ1n~1,-~ ntl L tl~t1fl'111 
ca: II II II ... QI ..lc1 ... I ~ - II 

L1Jatl1Jt'll11Jl"l111J L 'll1J'lli.J ,-e:i EJa:: 0.1 1Ji:Jafl1,-'Vltl~tl'U 1"1111Jl"l.:JIJl1'Vltl LLat1J u,-t'1'Vltll11~fl1,-1Jl11J 

Cit, .cil I O QI .Q CV II QI t: II• IU' ollf 4 0 QI ..1... QI 

tl'42;Ja e:i ~,-::'VI~ .:i m 1~IJl,.IJl1,-tJ11 ~1,.~ fl ~,-e:i EJa:: 0.05 tl.:li.Ji.J~1 "1 EJ "OJ.:i La t1 fl~ IJl,-IJl 1,-tJV111~1,-~ n ~ 

II al ~ - - QI ~.., cu ..,,H 
,-e:iEJa:: 0.1 1J1'Vl~~tl'U u,.t'1'Vltl.f11~'lltl.:li:Ja1Jl.f1ru'1fl'Utl1~1~1Jl"I,. ~.:Ji.J 

2.3.1 n11'Vlflit8\Jfl113J1::fl1ll Lfia.:i'!IE·H~fiflnN911flll16 close patch test 

i:.1am,-'Vl~~e:itJm111,-::P11m~t1.:i'llt1.:it:.1iilJlfiru'1L~EJ15 close patch test 1i.Jt11~1~2!1111 

~1i.J1i.J 15 l"li.J ~tJ11i:.1iilJlfiru'1"0J~.:i i:.1ii1Jlfiru'1V1at1n LLa:: sterile water 'Wiii:.1avht~Ln~m,-,-::P11a 

L~tl.:l~tl~1'Vlil'.:!'lltl.:1€l1~1~lJl"l,. L~lliif"l11"1::LL i.Ji.JLtli.J 0 ~ti 'Wiim,-Ltl~lli.JLL tla.:i'!Jt1.:ls:i1'VIU.:J ~.:JLL~tl.:J 

ti.J.f11~~ 4.9 
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111~~ 4. 9 n1'~'Vlfl~'1i.Jfl11lJ1tl'l1EJ L~'1.:l'll'1.:i~ii l11Ji'ru"1a'li''Ll~1l.:iil1'!J11~l'l1'Ll11 'Ll~l!a'li''Ll~1n~11 

~nflLtl~eJn~lJLlJ~fllJt'll1lJni.Jm~1~2!1"11t'L11t\.1-l1.:im1'Vlfl~'1tJ LLatm1Ltl~EJ'LILLtl~.:i'lleJ.:iil1"1~.:i~1n • 
LUfl patch '1'1n 30 'Ll1Vi 

a* b* 

Chromameter LflEJfl1 L* LL~fl.:ifi1Li1fl~El1 (pigment) fi1 a* LL~fl.:lfOl11'111lJLLfl.:l'lJ'1.:!El1 

(erythema) LLatf'l1 b* LL~fl.:ifil1m1lJ~fl'll'1.:iil1 (sallowness) ·;nnm1'VlflaeJ.:i1'fl1t~tJl'l11lJLiU'lJ 

~El1'lJ'1.:1'11~1~lJ1'11LflEJLottfOl1~ L * a* b* ~t~1lJ11ClLL~fl.:11'111lJ~lJ'ti'LIG1t\.111.:ifi1~ni.Jfi11"111lJLLfl.:I 

'll'1.:!El1 (erythema) LLatfi1Li1fl~El1 (melanin) 1~~.:iif fl1fl11lJLLfl.:l'lJ'1.:!El1 LL~fl.:ifil1 -L * +a* LL~t 
- b* ~1'Llfl1LlJa1il'Ll'll'1.:iil1 LL~fl.:ifi1 -L * +a* LLat +b* (Clarys et al., 2000; Takiwaki, 1998; 

Yun et al., 2010) ~am1'VlflaeJ.:iLtl~EJtJLViEJi.Jfi1 L * a* b* 'll'1.:iil1\.1~.:i~1ntma'li''Ll~1l.:iil1'!J11~"1 

'Ll11'Ll~l!a'li''Ll~1n~11~nflLtl~'1n'1lJLlJ~fllJt'll1lJntJ 1a'li''Ll'vtlJJL~lJ~11~nfl ~L1a1 o ii.:i 6 ~tlfl1\1 t'LI 

m~1~2!1"11 ~1'Ll1'LI 25 l'l'LI ~tJ11fi1m1lJLLfl.:i'!JeJ.:iil1LL~tf11Li1fl~El1ijf'l1 UJLLl'ln~h.:in'Ll~.:i l~'li''Ll~~~lJ 
~11~ nfl L tJ~ el n'1lJ LlJ~ fllJt'lJ1lJ LLat La'li''LI~ L~lJ~11~ nfl LLattl 1ti;'Vlfi111-,, L 'LI LL~ n11aflfOl11'111lJ LL fl.:! 

LLatfi1Li1fl~El1ij~a UJLLl'ln~h.:in'Ll1t\.1-l1.:irieJ'LILLat\.1~.:iti~iil'lJi'ru.J (111-,,~ 4.10) ~.:idm~Ltl'Ll~a1n 
~1nn11'Vlfl~eli.J t ott1tEJtL 1a1~'L1Ln'L11 tl~.:i UJ~1lJ11ClL ~'Lln11L tl~EJ'LILL tla.:!'!Jel.:!~El11~'1~1.:!'li'flL~'LI 
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D Lotion base (placebo) 

• Lotion containing Tamarin seed coat extract 

0 week 2 weeks 3 weeks 4 weeks 5 weeks 6 weeks Period 

0 week 2 weeks 3 weeks 4 weeks 5 weeks 6 weeks Period 

O week 2 weeks 3 weeks 4 weeks 5 weeks 6 weeks Period 

.,j I ... ,. ol ... ol ~ .. ..i .. "' 
.f11'W'Vl 4.10 lil1 L * a* b* 'llel-!li:.11 ~~EJu'j:mJUu'jt'1'Vlfifl1'W~1nL\il'jeJ-!11Jel Chroma meter ,.,fl-!1~1n 

1 i1aiuu11-:itl1'lJ11~mu11 u~l!aiu~1n~1'j~n~L i.J~ein'111L11~~11::'lJ111LLflt LfliUL tJ~ ~L 1a1 o il-:i 
6 Gli.J~Tl-1 
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m1\J·wLij'Um11J-W.:i-wt11'1'llt1.:i~~!JlfiW'11:~eit-H15 5-Point Hedonic Scale ~110 

mG'l1G'liJ~1 '11'U1'U 25 ~'U t 'U~~1J1firu'fl'1~i'U'l.h~.:i~1'!l11~10G"111G'ln~L 'Lif1t10'11JL1J~~1Jt'!l11J !Jie 

~w~o~rutV11.:i'Li1tG"11V1«1J~"' 9 ~1'U 1~LLn ~'!Jt1.:i~~1J1fiw'1 o~'U'!Jt1.:i~~1J1.fiw'1 ~111J.u'"Uvril~'!JE>\I 

t~i'U m1mt~1ei~1'!lt1\I 'i:~i'U'l.J'U~1vrtl''i! m1~1JLoU1~~1'!lt1.:i t~i'Uvr~\!Lott m11J~1J('U'!lt1.:i~1vr~'i!lott 
~111J~1J/L~EJ'l.J L ilei'U'!lt1\lebvr~'i! t '6' mm11t~1 m~t1\l'!lt1\1~1vr~'i! t '6' LL~t~111Jfl.:i-wt1 l~ t~ei11111JiE> 

~~1J1fiw'1 ~~m1'Vl~~t1\I -w'l.J11~~1J1fiw'fl11lnt1l~Ln~m11t~1m~t1\lvr~'i!t'6' LL~t£J1G"11G'li!~1t~ 

~tLL'U'Ufil'l11J-W.:i-wt1t~t'ULLIJi~t~1'Ut1~"1.'U'!i1.:i 3.70 - 4.40 ~\lt1~"1.'U1t~'l.J'Li1'Uo~1.:iil.:imovlq~ 'i:~vii 

~t LL 'U 'U ~1'U ~111J~1J('U'!JEl\1~1Vl~\I L ott~\lq ~ iEl\l~\11J1~El~111Jfl\l'WEI l~ l 'U~1'U n11~1J L oU1~~1'!lil\I 
t~i'UVl~\I t-b' LL~t~111J~1J/L~EJ'l.J L UEJ'U'!JEl.:1~1Vl~\I t '6' !Jl11Jfi'1~'1.J (!Jl111\lvl 4.13) 

~ .-, CV ' 

2. O~'U'!JEl.:l~~!Jl.f1W'fl 

3. ~111JoU'Uvril~'llEl\I 'i:~i'U 

4. 01101t~1ei~1'!lt1\IL~i'U'l.J'U~1vrtl''i! 

5. n11~1JLoU1~e:i1'!JEl.:I L~i'UVl~.:!L-b' 

6. ~111J~1J('U'!lt1\le:l1vr~.:it-b' 
7. ~111J~1J/L~EJ'l.J L UEJ'U'!JEJ.:!e:l1Vl~\I t-b' 

8. tl1n1iit~1EJL~El.:l'!JEJ\le:l1Vl~\!Lott L'li'U tl1011LLG'l'l.J, 

... ., :'I ... ( 1 ... bl ... 
iEl'U LL~t~'U Lu'U!Jl'U\1110 1J1Jtl10TL!Jlf.)\IO"lf.)O) 

9. fil'l11J-W.:!'WEI t~ L~Eli11J!JiEJ~~!JlfiW'1 

4.03 ± 0.85 

3.70 ± 0.95 

3.76 ± 1.07 

4.06 ± 0.74 

4.26 ± 0.64 

4.40 ± 0.62 

4.23 ± 0.68 

ND 

4.27± 0.52 
., "" t ... ..I ... .1 

V11J1ElLVllJl : - it~'l.J'W\l'WEI ~ 1 = 'UEIEJ'Vlq~ 2 = 'UEIEJ 3 = u1'U0~1\I 4 = 1J10 5 = 

- ND W'W'l.J~tLL'U'U 

~~011G'IEl'l.J'111JL~EJ1n'l.J01i~~~'UL~,El~~!JlfiW'fl1'UmG'l1G'li!~1'11'U1'U 25 ~'U 'W'l.J11l~011 
~~~'Uh't1~~1J1fiwtivr~.:i~1o'Vl~~EJ\1~~1J1fiw'1 fi~Ltl'Ui'£iei~t 100 LL~tLG'l'U£JLL'UtL~~~1J1.fiw'11Jie 
120 0~1J ~1iiji1~1\Jit1J1W 280 'l.J1'Vl 
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~.:i J'U '<iJ 1nn1 Pi mfl\I IJl ~~1i'u 1~-tt"Utl1' .:i ~1'll 11\IIJl~'U11 'U ~l!~-tt''U '<iJ1 nG>11~"' n~ 
L tJ~-eJn~lJLlJ~~lJt'll1lJ 1m~""''tJ\11J1~~1i'u~L vtlJ1tG'llJL 'U1J11~1.:i~ 4.14 l~EJ 1~-tt''U~~~IJl L~'<il1n 

.:11'U1~EJilL-d'-eJ~tl11Jl1~'el 'lllJ~el'el'U hiLvtUEJ'lLVl'U'eltVl'Ut ~lJLeU1~~1 L~L ~'l LL~tii~Wl11'W'Vl1.:IL~iiLLflt 
n1EJl11'W L~EJG'l,tJLLG'l~.:i'I. IJ11~1.:I~ 4.15 

ff 1uth::neu 

Phase A 

Medium chain triglyc ride 

Jojoba oil 

Silicone 350 

lsopropyl myristate 

Cetyl alcohol 

Steric acid 

Aracel 165 

Stearyl alcohol 

Span 80 

Propyl paraben 

Phase B 

Glycerine 

Propylene glycol 

EDTA 

Tween 80 

Methyl paraben 

Water to 

3.00 

2.20 

1.30 

1.50 

1.25 

0.20 

2.50 

0.75 

0.75 

0.02 

1.30 

2.50 

0.10 

2.50 

0.20 
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ff 1uth:meu 

Phase C 

Tamarind seed coat 

Phase E 

Carbopol 940 

Xanthan gum 

Trietanolamine 

Perfume 

Mean particle size (n 

Polydispersity index 

Surface charge (mV) 

Color L* 

Color a* 

Color b* 

Viscosity (cP) 

pH 

60 

xtract 

Total phenolic comp unds (mg GAE/g lotion) 

Total flavonoids (mg E/g lotion) 

DPPH radical-scaveng ng activity (mg BHT/g lotion) 

\RSJ1N (fil!Jtt::) 

0.10 

0.10 

0.09 

0.35 

0.03 

613 ± 7 

0.34 ± 0.01 

-33.00 ± 0.50 

21.49 ± 0.17 

2.70 ± 0.07 

1.83 ± 0.19 

4,250 ± 229 

6.08 ± 0.02 

2.41 ± 0.00 

0.82 ± 0.04 

1.54 ± 0.03 

1"-a''IJU1'~-:i~1"tl11~ ~'IJ 11 'IJ ~1J"-a''IJ~1 m11~a ti'~ L tlfi en'11J L1J~~1Jt"tl11J~-n'~'IJ11~~ 1n-:i1u1 ~ aif 

\~i'Uflt I.I. 'IJ'1Jfl'l11J~-:l'rl ~~1'1Jn1~mt~1 EJ~'l"tlil-:1 L"i'U'lJ'IJ~'J\'1tl'-:! n1~~1J L oU1~~'l"tlil-:I L"i'Ul-1~-:I t '6' 
fl'l11J~1J;f 'IJ"tl e-:i ~'ll-1~-:i 1 fl'l11J~1J/L~au L uau"tle-:1~1\'1~-:11 '6' u."tfl'l11J~-:ivrn 1~ 1~a~11Je~L 'U'lt~tJ 

• .ail 'L.!ci1 .. .... .,.,., 
1J1mN1J1n'Vl'1~ u."t LJJ1J 1m~~tfl1mflil-:l"tlil-:lt:.i'll-1"-:i ~'!I 
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vi1 m~~ m!f1~'U'VJ'U a.:i 1~'tl'Uu11.:iil1"tl11~1J1~'U11 'UiliJ~'tl'U~1n'11~'1n~L tJ~an~i.iw~~1Jt"tl111~ 

i:.J~\JlL~'l.J~~~l'U"t11~~1J'W 1'1~n~'!11 "tl'U1~'1.J~~~ 120 ni'11 LL~t\l~1n (111-w~ 4.11) ~1'U1tu~'U'VJ'U 
1'1J1'l~'l.JL\l'W1t1'U~1'U"tla.:i ii1J1firu'1 (~.:ibh111u~~~firu'1) ih1v~tL~EJ~~.:i1J11~1.:i~ 4.16 

111-w~ 4.11 i:.Jii1J1firu 11~-tt'Uu11.:i~1"tl11~1J1~'U11'LliliJ~'tl'U~1n511~'1n~LtJ~an~11w~~11t"tl111u~,~ 
"tl1~~1J "tl'U1~ 120 ni'11 
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.,I II ., 

~111.:J'VI 4.16 ~'U'VJ'L.11~ ~'l.J'!Jij.:J 1~i'UtiT~.:i~1'rJ11~~1'Ll11 'Ll~ir~i'Ll~1n~11~n~L tl~ ijn-~1'1JUJ~~1J:::'ll11J 

ij.:J~tl1:::nij'l.J 11~1~1111000 ni'1J tl~1J1ru~1V1~i'Ll 120 ni'1J 11~1 ('U1'VI) 

Medium chain 480 3.60 1.73 

triglyceride 

Jojoba oil 2200 2.64 5.81 

Silicone 350 390 1.56 0.61 

lsopropyl myristate 250 1.80 0.45 

Cetyl alcohol 210 1.50 0.32 

Steric acid 190 0.24 0.05 

Aracel 165 315 3.00 0.95 

Stearyl alcohol 380 0.90 0.34 

Span 80 330 0.90 0.30 

Propyl paraben 600 0.02 0.01 

Glycerine 80 1.56 0.12 

Propylene glycol 150 3.00 0.45 

EDTA 290 0.12 0.03 

Tween 80 450 3.00 1.35 

Methyl paraben 567 0.24 0.14 

Water 5 95.12 0.48 

~11~tl~L tJ~ijn'11J 150 0.12 0.02 
4 

UJ~~1Jt"!.111J 

Carbopol 940 950 0.12 0.11 

Xanthan gum 332 0.11 0.04 

T rietanolamine 150 0.42 0.06 

Perfume 5,000 0.03 0.15 

-a11J.i'IJ'!'IJ!tt1iu 120 ni'1J 13.51 มห
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m~Pi m~11Ji 'Ll'VJ'Ll"!leN 1ai'Uti 1' .:i~1"!l11~ 1J1~'1J1 L'U~l!ai'IJ~1nG>11~G'ln~L tliie:i n~11 L11~~11t"!l111~ ~t1" 

1.~u~~~L'IJ"!l1~~11~a1G'l~n~'!l1 "!l'IJ1~u~~~ 120 ni'11 ~~ei11oa1n L~EJl'i'Ll'VJ'Lln1~~t11J1~t11J1fiwir11ai'IJ 
~~e:JlJU~~~fiw,.J,Y.:i'VllJ~ 100 ~1'1J ~tLLtl.:JLtl'IJ~~~1'1J"!Je:J.:Jl'i'IJVj'IJ11JlQ~U~eJEJat 52 l'i'Ll'VJ'ULL ~.:J.:J1'1J 
~eiEJat 32 LLatl'i'LIVJ'U!"i1l-H~1EJ~'Ll'l ~eiEJat 16 (~~~~~w. 2530) ~.:ii!'IJl'i'LIVJ'U~t11J1J1wir11aiun~e:i11 
u~~~fiw'16'i1V1i'ulii1V1i.i1EJ fie:i 79 U1VI ~1EJatL~EJ~LLG'l~.:JL'IJIJl1~1.:J~ 4.17 

'f'1Q~U 52 41 

IJi''IJ'Vj'Ll'f IJlQ~U ( 13.51 U1VI) 

"' "!J1~U11 (25 U1VI) 

oa1n ( 2 u1V1) 

"' IJl'IJ'Vj'IJLL ~.:J.:J1'1J 

"' ...i IJl'IJ'Vj'Ue:J'IJ 

11A1~U~UN~~tiw.f~~~~~ 

Ccw~e:i~~1~ti1e1> 

~t'tl1~ 

32 

16 

25 

13 

79 \J1~ 

RruteJi~EJ1.~~~~ne:iu~11 L;j.:itJ~~m~L ~e:it11EJV1'1~L VIR L 'IJ 1a~m~~t11Jl 1ai'Uti1,.:iil1'tl11~1Jl, 

'IJ1 L 'IJvl!ai'IJ~1nG>11~"'n~L tliie:in~11L11~~11t"!J111l~nu~"''1Jh~11. tJ 1'1J1'1J~ 2a L11~1EJ'IJ 2559 

ru ~ei.:itJ~u~m~LRij 2 RWtLVIRL'IJLa~m~Ln~IJl~LLat£11'V11~ lJ'Vl11VIEJ1flEJ,1'!1fi!)~\!aG'l.:IR,11J ij 

~L-U'1~111~ne:iu~11,Y.:1V111~1ii1'1J1'\J 30 R'IJ ~.:ILLG'l~.:itwn~~ 4.12 LLatij~am~tl,tLij'IJR1111-n.:ivrnt~ 
~£1n1~LoU1~11Jn1~£1U~lJ'1~L'IJ~t~UlJ1n~~ ~~Ltl'IJ~eJEJat 92 
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e..i '1 n1'~~1 L U'U.:J1'U"lJeJ.:J.:J1'U1~ Erd\~ L tl'U l 'IJ~m.11' !Jl~'IJ')t~.:ilil"lleJ.:J 1~').:imfi ~ EJeJ~1.:i~')U~1'U 1'1EJ 

L~ ~ .:i n1tU1'U n1')e.J ~ !Jl~1')~ n ~ L 'IJ~ el n~l.J Ll.J~ ~l.Jt"ll1l.J LL'1tn1')U 1~1')~ n ~ L 'IJ'IJ')t ~ n 1J11 m 'Ue.J~ !JlJi cu,j 

L~~eJ.:iri1m.:i~ii'IJ')tihi1ijm-wLL'1t~1l.J1')t1U1 L 'IJ~ eJEJeJ~~ L ;j,:i-w1rll'llEJ1~ 'Uel'U1~1Jl 
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..; 
\J'Vl'VI 5 

a1tJ LLft::,j'e>Lfl'UilLL'U:: 

• 
"il1fltl11~fl'l!l'11fim1'1nV1'11'Hrnmrv1fiV11..:iL1"11'11m..:ifl~:U phenolic compounds LLrt::: 

flavonoids '11 fl L 'Lia e:i fl'°1:w L:u~vi:u:::"U1:u LLri::: m:::uTu 1111 e..i~ \;! e..i ~(;lnru'11rt-a''Uu 1~..:i~1"U11 L'1~:w'111 

~1'Llt1'4~"B'11::: '11:1J11'1'1~\Je.Jr11111V1virie:i..:i1~~..:iiJ 
d 

5.1.1 1Bfl1'liltl'1il1'HJilnq'Vl5'Vl1.:tL 1'tfif1e1.:inq11 phenolic compounds LL fl:: 

flavonoids ;:i1mtlililn"111L2Jfl'12J::'tJ12J 

..:11'U1~~.aYl\J11"1ltiVl"lltl..:!1'11vi1ri:::r11~LLrt:::151111'1nvil1e.Jrt~e:i\J~:u1ru'111~1'Utltlfl.ijLviotl'U 

LLrlt'l'Vl~'Vl1..:1~1fl1Yl"lltl..:1'111'1 tlVI LVI ~1Tit111'1tlVI~ L Vl:IJ1 t'1:U ~ti 11111-tl\Jl1vi1rt:::rt1 mtl'Vl1'Utlrt Pl11:U 

LeU:UeU'U~e:i~ri::: 75 '1nvi~1~15 maceration '1..11'1..1 48 ~11:w..:i Vl~t1m"il1m5 ultrasonic-assisted 

extraction '1..11'1..1 30 'U1Vi L~tlrtVIL1rt1L'Utl11'1tlVI t~i'Urt..:I '111'1tlVILUat1fl'°1:UL:U~Vl:Ut"lJ1:Ui1'1:UU~ 
fl11~1'U e:ie:i fl.ij LV!otl'U L 'U\J~:u1ru~..:i 1vi ~l1e:i..:ir1\J 1::: fl tl\J"ll tl..:1'111 proanthocyanidins :U1fl~~vi 
(5.20-5.91 g CE/g extract) ~viLlJ'Ui;;'viG'i1'U~tl~rt::: 74-80 "llt1..:i\J~:u1ru'111~1'Utltlfl.ijLvii'l..1~(;111"iJ 

Yl\J~..:ivi:uvi LLrttYl\J'111 phenolic compounds e:i~"!.'U"!i1..:i 858.16-1187.05 g GAE/g extract 

LLrt::: flavonoids e:i~"!.'U"!i1..:i 0.50-0.68 g CE/g extract 'Utlfl"il1fld~..:iYlu11'111'1nviL\Jat1fl'°1:wL:u~vi 
:Ut"ll1:Wi1'l'VI~ DPPH radical scavenging activity ~..:ifl11'1111'i1'Utl'4~"B'11t:U1(;11~1'U ascorbic 

acid LLrt:::i1'l'VI~ tyrosinase inhibition activity ~..:ifl11'111:1J1(;11~1'U kojic acid 

1m-d'e:i..:i~'UL~~fl'l!l'1U~:IJ1UJ"lltl..:1'111'1tlVILUae:im:u~vi:u:::"lJ1:U 1vi~~'ULLU1 3 1:::~\J ~ti 

~tl~rt::: 0.05 0.1 LLrt::: 0.25 LLrt:::vi11111l'i'viLat1flU~:U1UJ"lltl..:1'111'1tlVl~LVl:U1:::'1:U"il1fltl11U1:::L~'Ul°11 
Pl ru.fl1Yl'Vl1..:I LP1l1 tl1 ~fl1Yl LL rt::: Pl11:UPl..:I \Jl1"1Jt1..:il'l11'u Lrtotl'UU1'5" ..:1~1"ll11'1(;l)'U1L'UB~rtotl'U"il1fl'111'1 nvi . ' " 
LUatlfl~:UL:U~Vl:Ut"lJ1:U zj,:i!Jl1fo~LVl:U1t'1:U~'1VI ~e:i\J\'11''lJ~L~:U'111'1tlVl~tl~rt::: 0.1 1vi~l1~fl~ru:::'Vl1..:I • • 
LP1l1t11~fl1Yl"lltl..:le.J~(;lnru'1~-W'~'U1L~ ~ti l1~1"ll'U1Vlt1'4fl1PILO~~tl~L'U1t~\J'U11'Ll ~ti 613 ± 7 

'1..11 L 'UL:U\;11 i1~1~"1!Utl11fl1t"il1~"ll'U1Vlt1'4fl1PILvJ1tl\J 0.34 ± 0.01 LLrt:::1°11\J1:::~\J'Utl'4fl1PILvJ1tl\J 
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-33.00 ± 0.50 LLGittl1t~VlG.fl1V'ln11mlnq'Vl~Vn:J~1.fl1V'l"!Jel.:l!Ji11'tJ 1ai'U~lLfl11tt-'11~ ~elii 
el.:lrltl1tf1eltJ"!lel.:I total phenolic compounds 2.41 ± 0.00 mg GAE/g lotion, total 

" flavonoids 0.82 ± 0.04 mg CE/g lotion LLGit q'Vlfi DPPH radical-scavenging activity 1.54 ± 

0.03 mg BHT/g lotion 

5.1.3 ftn-t;1th:aV16111cw'!JiJ.:iNa'1nwer11i'li'Uu11.:iihu11~"1"11 l'UE~i'li'Ll~1m1Tuui'" 

Ltl~iln~11L11af111:'!1111numa1a~fl1 

~a f111Vl ~ 6'I eltJ f11))tfl1 EJ L~el.:l"!J el.:!~~ !Jl.fi ru'1'1ai'Utl11.:i ~1"!111~ \Jl 1'U1L'Ual!ai'U1il1f16'111 

&'In~ L tJ~ eln~11L11~~11t"U111~~{9ll'U11~ntim6'116'1l!f11 '11'U1'U 15 fl'U V'ltJ111iJLn~m11tfl1m~el.:i • 
LLGi tvl1 m1tl it Lij'UtJ )t~VlG.fl 1V'l"!J el.:!~~ !Jl.fi ru'1'1ai'Utl11.:i ~1"!1116'1 \Jl)'l.11L'Ual!ai'U1il1 f16'1116'1 n ~ L tJ ~el f1 

• 'IJ 

~11L11~~11t"U111~~{9ll'U11~ntJm6'116'1l!fl1 '11'U1'U 25 fl'U 1'U1tEJtL1a1 6 ~tJ~1"11~EJ1~1"111t~tJ • 
fl1111LoU1l"!lel.:!~~11il1f1Fl1 L * a* b* V'ltJ11L'U1tEJtL16i1 6 ~tl~1i.1~v11m1Vl~G'leltJ Fi11t~tJfl1111LoU11 

"!Jel.:1~~1 L 'Uel16'116'1lJfl11il"l1 L tl~ EJ'ULL tla.:i 1lJi~ L 1il'U LLGit 1ai'Utl11.:i~1"!J11~\Jl1'U1 L 'Ual!ai'U1il1f16'1116'1tl~ 

L tJ ~el f1~11 L11~ ~11t"!J111~~{9ll'U11~1il 1f1.:11'Ul ~ EJd1~1'tJflt LL 'U'U fl1111Vi.:!V'lel L 1il ~1'Uf111f11t1il1EJ1Ji'1"1Jel.:I • 
1ai'UtJ'U~1'VlU.:I f111~11LoU1~~1"!Jel.:i1ai'U'Vl~.:I 1 -ti fl1111~1l~'U"!Jel.:1~1'Vl~.:I 1 -ti fl1111~11/L~EJtJL tlEJ'U"!Jel.:I 

~1'Vl~.:i 1 i Lrntm111Vi.:i'V'lel 11il L~EJ1111el~L 'U1t~tJ111nfi.:i111n~61~ LL at 1iJ1imm11tf!1EJ L~el.:l"!lel.:1~1 

'Vl~.:i1-tl 

5.1.4 ftn<t;1~'U\'l'Um1Na'1Na'1nwer11i'li'Uu11.:iil1'!111~",'U1 l'LIE~i'li'U~1na11anfl 
ti... Ill "' L i'lilfl\1!11L11i'lfl11:'!1111 

11fl11?i'UV1'U"Uel.:i lai'Utl 1'l.:i~1"11116'11J11'U1 L 'Ual!ai'U1i11n6'1116'1n~ L tl~ eln~11 L11~ ~11t"U111~ , q \I , 

~{9llt!11~1il1f1.:!1'Ul ~ EJ.Q' ~~1il1f1l \Jl'1~tJ~.:!'Vl11~111111i''U'Vl'ULL1.:l.:!1'\JLLatl?i''UVl'Ufl1 L -ti~1EJ~'U., V'l~el11 , , , I 

tJ11'1.firu'1"!l'U1~tJ11~ 120 n1'11 ~el 79 tl1Vl 

5.1.5 011,hti'VlilflL'Vlfl L'LI Li'l~m1Na'1 Li'li'Llu11.:iil1'!l11~'11'U1 L'Llo~i'li'Ll~1na11anfl 

ti ... Ill "' L i'lilfl\1!11L11i'lfl11:'!1111 

1~~~tlnelti111 L~.:itJ5u~ m1L ~elri1 EJ'Vlel~ L'Vlfl L 'Ula ~m1~~1J1 fai'Utl11':i~1"1111~1J11 

'U1 L 'Ual!ai'U1i11n6'1116'1n~L tl~eln~11 L11~~11t"!J1111 ~nti~G'l'Uh 1 'Ui''U~ 28 L11i;1EJ'U 2559 
• 'IJ 
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s.2 ilmaumL u:: 

5.2.1 ri11Pin'l!t1ti.:i:ff "1Jti~"lleNG'ITrnan'lVltvn:i n"l1~1m.:i 1~Ei 1 iLri~a.:ina1 Lri11::"1~'U~.:i 
5.2.2 ri11Pin'l!t115m1G'ln~~L'Vll.J1tG'll..IL~EJ"tL~EJ~l.J1n~'U L"li'U 1::EJ::n'11~L'Vll..11tG'll..IL'Um1G'ln~ 

~1EJ15 maceration 

5.2.3 m1Pin'l!t1m1L~l..IG'l11 synthetic antioxidnt 'V!~aPin'l!t1'Li~l..l1ru"11mG'l11naairri-tl'U1~ 

l..11 n~'U 'Vl~a L ~l..l"llti ~"11a.:i6'111 na air'1-tl'U~"li1 m:J a.:i n'U m111l..1~1"11 a.:i a~111ri L il11 tJ1 'U 

i;l1~u L vla"li1 EJ~n'l!t1ri11l.Jl°l\1~11 ~G'l\l~'U 
'IJ 

5.2.4 m1i1m11'111'11Lri11::"1'Li~l..l1ruG'l11aan'lVltn~l.J proanthocyanidin L'U~mi;l1~u 

L ~l..I L~l..I L ~eJ\l"il1n L lJ'Un~l..IG'l11~VltJl..l1n~G'l~ L 'UG'l11G'ln~ • • 
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mlJ?i~L~~lJfl1'Hfl~m. ~'Ue1~11~'Ub'Vll3I. (2546). ~t1~1111'lJ~fllJt61J1lJ. [€l€l'U1ritlJ. ~ul'1'Uli11fl: 

http://www.mof.or.th/fruit/ tamarind/tamarind-statistic.pdf. [10 ~~'Vl1fillJ 2556]. 

m1rumi ~lJ'Vl€l~. (2542). q'Vl~bb€l'U~ €l€lfl~bb~'U61J€l~~111 V'l~Yl'U€lrt~~n~li11m 'lJ~€lfl~lJblJ~~ 
.Q. .Q. 'Q tf Q.I .Q. .Q. Q ..:::ii ' 
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\9l~LLfl'S.:J"1J'lJ1~ 30 L1l"IJ (b, c 'Ui'i''\l 'U~.:J€1~1JL'Uf.11J11€Jf.l~LL~~Lfl'U1fl""1Vl'QW'VIJJ11 

-20 €1.:Jl'11L"1l~L~f.IG'I (d) 
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15nTali 'Vl\il~ 8'\J 1'118 ~1-:i n'IJ ~T111iJ.:itfa 1 ruvimrn '!J'U ~1'\J L 'U L\il ~'V11l'i'18 ~1.:ivft~1''1J LL flt 1118'\J fi\'1ml.I 

b 'ULL 'IJ'IJ~8'\JC11:1.J 
0 0 'I' 'I I I '!IJ U ""1 'I I .,j 

fl1LL'U::'U1 01ru1 b~V1:1.11mi;i"1J b'U"ll8.:i11.:i b'Vl1J11.:io'IJ~11:1.1'V'l.:i'V'l8 b'1'!l8.:l'V11'U:l.l10'Vl~\il 

1 = 'V'18L'1ii'8~~~1il 2 = 'V'18L'1ii'8~ 3 = 'V'l8L'1tJ1'Uoi;i1.:i 4 = 'V'l8L'1:1.110 • 

., ., .., t 
f!Ni'IO~ru:: l::fl\Jfl1111VN'Wil ~ 

1 2 3 4 5 

1. ~"1J8.:it:.J~111.tlru'1 

.::! - QI ' 2. Oi;J'U'!J8.:l[:.Ji;'l1Jlflu.1'1 

3. ~11:1.1.rr'U'Vlillil'!J8.:i 1i;ii'U 

4. 011m~'11~1'11"1J8.:i 1i;ii'U'IJ'U~1V1'1J.:i 

5. 011~:1.J L-rr1~~1'!J8.:I faetl'U'Vl~-:1 b etl 

I J Q Q.111.1 
6. ~11:1.J"q:IJ"ll'U'!J8.:lt:.J1'Vfi;'J,:j "ll 

7. ~11:1.J~:IJ/L~ffULti~'U'!J8.:1~1Vl~.:lbetl 

8. m0111t~1m~m'!l8.:!~1V1~.:iti L"li'U m011 

OJ U tJ OJ ( 1 .... 1 I 
LL~'IJ, 18'\J LLi;Jt~'U L 'UIJl'U\110 111!il101lJJ 

«E::Jflli!D} 

9. ~11:1.1~'U"ll8ul\il~11:1.1~8t:.J~111.tlru'1 

fl1'LI~ 2: 1\1flil\JA1'1111\ll~il,j1Lfl~il.:i\11111eio1ou1'VI (x) tu'tiil.:i~fll.:ltl\Jfl111!fif'ILoM'Ll'tlil.:l'Vi1u 

1. V11m11t:.J~111t:.J~111.tlru'1~.:iot'i11LY7mi'1V1'11~ vi1'Ufilil'l111~1"1J8.:it:.J~111.tlru'1d~11Lll'ULvl1L\il~8'!J1\il 

1i;ii'U '!J'U1\il 120 01':1.1 ······································ 'IJ1'Vl/'!J1\il 

I ... 0 I !"I ,, ... -.. ' I 10 I .. 1 ' 0 'I ,, 0 ~- ~il,, ..i 2. 'V11'U:IJ~11:1.Ju1t~.:l~b"llt:.Ji;JIJlflu.1'1'!JeJ.:iL111Jl8 u'Vl18 :I.I b"ll ~ "ll L'U8.:1'110 ..................... . 

,, ... 
'!Jil L~'Llil LL 'IJ::il'IJ 81 ............................................................................................................................... . มห
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1. m-a~-a1lil1Lfl"51~'1m1J1n.t'Wfl1l1'Ut1a.l (flavonoids) 

\91'.i1"il1LPl'.i1~"1V11'Li~lJ1UJ"1Jt1{1'11'.ivla1 Ld'Ut1E.J~~1E.J15 aluminum chloride colorimetric 

method \911lJ15"1lm Yang et al. (2009) L~E.JeJ'1lJ'11'.i'1n~ 0.25 i1a~~\91"5 nutl1n~'U 1.25 

i1a~~\Jl'.i L~lJ'11'.ifltfl1E.J sodium nitrite (L-b'lJ-b''U~tlE.Jflt 5, w/v) 75 UJLPl'.i~\Jl'.i tfaJL'U~i'.l~~ 
~ruWJi1oHti{l'U1'U 5 'UTVi bbfltb~lJ'11'.ifltfl1E.J aluminum chloride (L-b'lJ-b''U~tlE.Jflt 10, w/v) UlJL'U 

~i'.l~~~ruV1.tJil-H't1{1'\J1'U 6 'U1Vi "iJ1m!tJL~lJ'11'.iata1E.J sodium hydroxide (L-b'l.l-b''U 1 L1Ja1i) 

0.5 ila~~\91'.i LLattl1n~'U 775 llJLPl'.i~\91'.i 1~fii1m'.i~~n~'ULL'1{1~'JEHPl~t1{1 UV-Vis 
'U 

.J ..I 'i 0 • I.. ..I 'i ' Spectrophotometer 'VIPl11lJE.J11Plfl'U 510 'U1 b'UblJ\91'.i Pl1'U1UJVl1u'.i1J1UJ"1Jtl{l'11'.i11fl1 b'J'UtlE.J~"il1n 

I .,j "'1" .. I '1l.ln1'.i y = 0.0021x + 0.0185 Pl1 R2 = 0.9999 (fl1Yl'VI n-1) 'l!{I ~1i11nmTnlJ11Jl'.i~1'U"lJ€l{I 

catechin ~Pl11lJL-b'l.l-b''U 50 100 200 300 Lbflt 400 1lJLPl'.in~lJ~e:ii1a~~m L'U'11'.ifltfl1E.J 

LlJ'Vl1'Utlfl f\'1'U1ru'11'.i'Li'.itne:iuvla11Tue:iE.J~1'U'11'.i'1n~1'UV1't.i1E.J g catechin equivalent (CE)/g 

of extract 

1.00 

y = 0.0021x + 0.0185 
E 0.80 c: R2 = 0.9999 
0 ....... 
LO 0.60 +' 
IU 
QJ 
u 
c: 0.40 
IU 

..0 ..... 
0 
Ill 

0.20 ..0 
IU 

0.00 

0 100 200 300 400 500 

concentation of catechin (ug/ml) 
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2. fl1'afl'a1'11Lfl'a1::~tfiii1wa1-ath::mJ'l.l~'Uili'I (total phenolic compounds) 

IJl 11'11Lfl11t'lf'Vl1'lJ~lJ1W"1Jil.:l6'111'lJ 1tfl€l\J~'l.HH'l L 'l.J6'1116'f tl~ L iJ ~€! flfl~1 ti IJ11lJ1G'11€l.:l 

Luque-Rodriguez et al. (2007) 1~mJ6'flJ6'1116'ftl~ 400 1lJLfl1~mnu6'111"t"1t1 Folin­

Ciocalteu reagent (L°1ilJ°1i'l.J 0.25 'l.Je:iiiJ") 2 ii"~~IJ11 LL"tL~lJ6'111"t"1tl L'i!L&it1lJfl1itJm'l.J!Jl 
... 

(L°1ilJ°1i'l.J~€ltl"t 7.5, w/v) 1.6 ii"~~IJ11 ~6'flJL~L"li1n'l.J&i~1t1 vortex DlJ'Vl"€l~Vl~"e:i.:il'l.Jei1.:i'l11~'1.J 

€lW'Vl.flii 50 €l.:l~1L'il"L~tl6'1 'l.J1'1.J 5 'l.J1fi ':nni!'l.Ji.JlJ~€lL'l.J~lj~ 30 'l.J1fi 1'~fl1fl11~~fl~'l.JLL6'1.:l~1tl . ~ ~ 

Lfl~e:i.:i UV-Vis Spectrophotometer ~fl11lJtl11fl~'l.J 760 'l.J11'1.JLlJIJ11 ~1'1.J1W'V11'lJ~mru"1Je:i.:i 

6'111i.J1tne:iuYl'l.Je:i""il1fl6'flJfl11 y = 0.0099x + 0.0382 fi1 R
2 

= 0.9985 (.n1Yl~ n-2) ~.:iLU'l.J 
fl11~lJ11Jl1~1'1.J (calibration curve) "1.1€1.:l gallic acid ~fl11lJL°1ilJ°1i'l.J 10 20 40 60 LL"t 80 

1lJ Lfl1fl~lJ~ e:iii"~ ~!Jl 1 L '1.J6'111"t"1 tlblJV11'1.J€l" L °1ilJ°1i'l.J~€l ti" t 80 ~1'1.J1W6'11''i'lJ1tfl€l\J~'l.J€l" L '1.J 

'VIU1tl g gallic acid equivalent (GAE)/g of extract 

1 

E 0.8 y = 0.0099x + 0.0382 c 
0 R2 = 0.9985 '° ,.._ 

0.6 
+' 
llJ 
cu 
u c 0.4 
llJ 

.J:l .... 
0 
Ill 

.J:l 0.2 
llJ 

0 

0 20 40 60 80 100 

Concentation of gallic acid (ug/ml) 

.fl1'rl~ "1.1 -2 m1~m1J11~1'1.J"1.1€l.:l gallic acid L'l.Jfl11'Vl1'lJ~mru total phenolic compounds 
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3. n1"i~"i1lil1Lfl"i1::~tn111N l tl"iLLil'LI L 'VI l'lfEJ1'ilfl'LI (proanthocyanidin) 

f11"il'1'~T'illLfl"i1tl-1tl~mru 1tl"iLLffUL'Vl1111miJ~h.11m5 vanillin-HCL method 1'11l.llGf11"i'!lil-:t 

(Bordiga et al., 2011) 1~m.J?fl.16'11"i?ftl~ 1 ijaaal'l"i tl'UG'f1"iata1EJ vanillin m111L'li'11'li''U~ilEJat 1 

t:..i?fl.ltl'U hydrochloric acid m111L'li'11'li''U~ilEJat 8 (eJl'l"i1 1:1, v/v) 1ii1'U1'U 5 ijaaal'l"i t:..i?fl.16'11"i1~ 

L'li'1n'U~ tl111'U water bath 'Qru'V!JJij 30 il.!ll3!1Ll!laL~EJG'f LU'UL'la1 30 'U1Vi 1'~f'11 absorbance 
II .,j .,j .,j 'I° O tl .. 
mmfl"iil-:t UV spectrophotometer 'Vlfl'l1l.IEn'lLflail'U 500 'U1b'ULl.l!Jl"i f11'U'lru'Vl1 "il.11ru'!lil-:t 

tl~111ru6'11"iLtl"iLLil'UL'V11111mil~'U"il1n?fl.lf11"i y = 0.0005x - 0.1249 f'11 R
2 

= 0.9986 (.111-w~ n-3) 

zj-:tLU'Un"i1'Wl.111'l"i\51'U (calibration curve) '!lil-:t catechin ~f111l.IL'li'l.l'!i''U 500 600 650 700 ... 
750 800 LLat 850 111Lfl"in-r11~eJijaaal'l"i f\'1'U1ru6'11"iLtl"iLLil'UL'V11111mil~'U1'Uw1.bEJ catechin 

equivalent (CE)/g of extract 

0.40 

0.35 y = 0.0005x - 0.1249 

E 
0.30 R2 = 0.9986 c: 

0 
0 0.25 LO 
..... 
RJ 
Q) 0.20 
u c: 
RJ 0.15 ..c .... 
0 

0.10 VI 
..c 
<( 

0.05 

0.00 

400 500 600 700 800 900 

concentration of catechin Cµglml) 

.111-w~ "I.I -3 m1vJ1111'l"i~1'U"!.lil-:t catechin L'Uf11"i'Vl1tl~mru proanthocyanidins 
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d 

4. m1~11;i1Lfl11::\1'qV16ri1~flil'4~aaa1:: DPPH (DPPH radical scavenging activity) 

\Jl11~1Ll°l11t~ DPPH radical-scavenging effect 1'1JG'f11G'ftl~L~EJ~1.:i~.:i1fi'lleM Maier et 

al. (2009) 1~EJijm1tJi'rntJ~EJm~nuaEJ~.:id t:JG'f~G'f11G'fn~ 1.5 ii"~~1J11ntJG'f11":::"1EJ DPPH 

(LoU~oU'IJ 0.2 ii"~1~"1{) 3 ii"~~\Jl1 L'll~11~L-U1nu~1EJ vortex t1~1u~ij~'IJ1'\J 30 u1Vi 1~fi1m1 

~~n~'IJLLG'f.:1~1 El Ll°l~a.:i UV-Vis Spectrophotometer ~l°l11~El111°l~'IJ 517 'IJ1 L 'IJL~\Jl1 riTvri'tJ"qf'I 

1°11tJPj~1iLavr1uam'11tJ~n~mLLVl'IJG'f11G'fnf'I ~1'\J1rufi1 DPPH radical scavenging activity ~1n 

G'f~fi11 

DPPH radical scavenging activity(%)= (Absorbancec;intmt - Absorbance~ x 100 

Absorbancecontrol 

25 LL"t 50 

1~Ll°l1ni'~~aii"~~\Jl1 ~1'\J10.lfl1 DPPH radical scavenging activity LL":::vrna\Jlm1'rl1t'Vl11.:i 

l°l11~LoU~oU'IJ (LLn'IJ x) LL"tfl1 DPPH radical scavenging activity L~G'f~fi11LGl'IJ1J11.:I 
I 2 ::1 ( .:ii 0 .!t.1 -

y = 1.173x + 5.598 1°11 R Lu'IJ 0.9985 .fl1V'lVI n-4) l°l1'\J10.l'JVl5\Jl1'1Jel'42;J"elG'f1t DPPH 'lleJ.:!G'f11 

G'ftlf'ILViEJ'UG'f~~"n'UG'f11 BHT ~1nG'f~fi11LGl'IJ\Jl1.:lvtt~~1nm1vl~1\Jl1~1'\J BHT 
'U ... 

70 

60 
y = 1.173x + 5.598 

R2 = 0.9985 
c 50 0 ;e 
.0 40 1: 
£ 
J: 30 
Q. 
Q. 

0 
20 ~ 0 

10 

0 

0 10 20 30 40 50 60 
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าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



8S 

4. n1'~~111il1Lfl"a1::~q'VI~ tyrosinase inhibition activity 

1Jli1'11Lfl11t~C)'VI~ tyrosinase inhibition L'UG'l11G'ln~L~E.Ja1.:i~.:i1~'lleN (Manosroi et 

el., 2011) 1~m1J1~E.JlJ~1el~1.:iG'l11G'ln~LLrttG'111lJ11J11~1'U kojic acid ~fl11lJL<U'l.l<U''U~1.:i"J 8 

m1lJLilJ<U''U ~el 1, 2.s, s, 10, 20, 30, 40 LLrit 60 bi1fl1n~lJ~eliiriaa1J11 1'Um1viTtJ!)n~miJLtJ1J1 

G'l11G'ln~"1~elG'l11m1J11~1'ULL~rttfl11lJL<U'l.l<U''U 1 oo 1lJ Lfl1a1J11 LG'IL 'ULL~rtt"1rtlJ'llel.:i 96-microwell 
~ . 

plate L~lJG'l11rttrt1E.JLel'U161llJ1'VI b~L'UG'I (L<U'lJ<U''U 200 ~tilJlL'UG'l11rttrt1E.JvlelG'!LvlG'!tJvlLvleliL<U'lJ<U''U 0.1 

Ll.lr11i) '\i1'U1'U 100 bi 1fl1a1J11 L~lJG'l11ritr11E.J1'VI b~'U (L<U'lJ<U''U 1 iirian~lJ~eliiriaamt'UG'l11ritr11E.J 

vlelm vlG'l'LivlL vleliL <U'l.l<U''U 0.1 1lJr11i) '\i1'U1'U so bi 1fl1a1J11 LLrttL~lJG'l11ritr11E.JvlelG'IL vJG'l'LivlL 'rleli 

LilJ<U''U 0.1 1lJr11i '\i1'U1'U so bi 1fl1a1J11 ~G'llJL~Li1nmLrittllJ~ 37 el.:iia11L61lriL~E.J"' 'U1'U 60 'UTVi 

LLrtttl11tJ1~1°hm1~~n~'ULLG'l.:I~ 4SO 'U1 L 'ULlJIJl) LL~rtt)t~'l.Jfl11lJLilJ<U''U'llel.:IG'11iG'ln~u.ritG'l11 
... 

lJ11J11~1'Uvi1m1'Vl~rtel.:i 3 '111 1°1'1'U1ru\011 %tyrosinase inhibition 1~'11n~IJ11 

Tyrosinase inhibition activity(%) =[(A-B)-(C-D)/(A-B)]x100 

A 

B 

c 
D 

1°11m1~~n~'ULLG'l.:l'llel.:I blank "1~.:im1tllJ 

1°11m1~~n~'ULLG'l.:!6llel.:! blank nel'Un11UlJ 

1°1'1'U1ru\011 SO% inhibition (IC50) 1~'11nm1'V'lrtel1J1m1vl1t"111.:i\011 %tyrosinase 

inhibition (LLn'U Y) n'l.Jl°111t~'l.Jfl11lJLilJ<U''U (LLn'U x) 'V'lrtel\JlL~'ULL'U1LtilJLLrtt1~G'llJn11 Logarithm 

~el y =aln(x) + b '11ml'ULL'Vl'Ul°11 y = SO l°i1'U1UJ"111°11 x '1t1~1°11 SO% inhibition (IC50) L'U 

"1u1E.Jiirian~lJ~eliiriaa1J11 
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ll1fUJ'U'lf1 fl 

Lf1~e:i.:Jije:iLnu~e:i\lit1~t1f1n~1tJ1za'Vlfi111~~e:i.1J~ii'1.flrueri1iti'U\h1.1J~1~11 

\1'11'U11'U~ij'iti'U~1f1fl11flOflL\Jae:in'1i.iLiJgtfliJZ~1i.10tJil1fl1flij'A1 
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VIU.:) av LL fl tl.:J fl11iJ V'IJE.JviJ,, v.:J v1a1aij' fl1~ L iU1i1 iJ lA1.:) n111,;'v 

L~v.:i n11\i'1!'1J1 lai'Uu11.:i~1,,11La'iiJa11~1'1Jv~\jaiia1~~"1'1J1 l'UiJ,jai'IJ 

8li1'V'IL~1 ('U1EJ/'U1.:J/'U1.:J?l11) ...................................................... fl1~························ 
' I II q 

fl~ 'lJ 1 'UL ?I "lJ VI .................... 'l! fl El ........................................ t:l 'U 'U ....................................... . 

LL "ll1.:J/1Ji 1'U?t ....................................... L "lJ 1Jl/el1 Lil fl ................................................................. . 

QI QI Ql1tl ... , 
"il.:J'Vl1~ ......................................................... 1'Vl?I 1~t:IJEJ .................................................. . 

UIJ11'lh~"l11"11'U/'li111"11fl1iL?t"lJ~ ....................................... L 'UflTI Vl1~'V'lvl ............................ . 

~'UEJfllJfl1iL'li1~1lJfl11fl11Vl~?ffl'Utl1~~VlGfl1'V'l"llfl.:Ji:..J~IJl.fi'ru"1··1"iutl1~.:i~1"lJ11L?l~lJ?l11 

~1'Ufl'UlJ?t~a1~a!Jli'U11 u~l!"iu"il1na11an~ L t1~flfl~lJ LlJ~~lJ~"lJ1lJ L tluL 1?11 6 at1~1~ 
•'J " • 

?t.:J'U1lJ .................................................... . 

( ...................................................... ) 

~L'li1~1lJ Lfli.:in11 
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YN 05 
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YN 10 

YN 11 

YN 12 

YN 13 

YN 14 

YN 15 

YN 16 

YN 17 

YN 18 

YN 19 

YN 20 

YN 21 

YN 22 

YN 23 

YN 24 

YN 25 
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tu11~~vv1a1a~fl1tun11~~avuu1~a~6n1iw 

'tlv.:I 1i:tiU'11nfl11fln~ L Uftvnt13.J L3.Jfl~3.J~'tl13.J 
QI .,; 

'JUVl ........................................................ . 

~ii 'U111i'tflfl L 'Uilil 'Vl1A'W..i L 1fl1;1'Vlfli'fil'U 
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Code 

YNOl 

YN02 

YN .... 

89 

t tJ,j'uVi mut 

1A-a.:in1-a 1ai'u;11na1-aan'1Ltlavn~:a.1L:a.ia'12.1~~12.1 

Lfl'iv.:i1'1fl 
G.1

6 1 cr.d °"' .d 11 Q,I 4 
ftlJ'11'Vl'VI............ 'l'U'Vl ••••••••••••••••••••••••••••• ~\JU'Vln ••••••••••••••••••••••••••••••• 
..,; 

fl1 L 
I 

fl1 b 'tftl 'U12Jff flfl LL~'U fl1 a 
., 
~1.:1 

v 
61!1EJ 

~r:n 

v 
61!1EJ 

~r:n 

v 
61!1EJ 

~11 มห
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LL'U'Uflil'UCl1iJ 

n11'VI fl fl t>u fl11iJcW.:rrrn t ;vtJ t>.:i ~u'itn fl 

L~il .:i n 11\11 fl a t>u fl11iJcW.:J'Wil t '111'1 .:i ~u'itn flfit> ~ii ".ti ru'1~ii".tiru'fl1aiuti11.:i 6311111 

~"1u1 luii2!aiu'11na11anf!Lt1flt>nt1iJLiJflfliJ~111iJ 

o o ~.I o .. 'I 
fl1LL'U::'U1 b u'a~'V11 Ll'l'a€l.:!'Vl1rn.J ...; ~Nb 'U 

1. L'Wfl 

D 1.) "111~ 

2. £11~ 

D 1.) ~1ffl1 20 tJ 

04.) 41 - 50 tJ 

3. m"aflm~n~.:Jqflvtl~i'u 
D u ~1n-J1tl~tyty1(;1~ 

D 3.) tl~tyqj1L'Vl 

4. 
... 

il1'U'W 

D 

D 2.) VI~.:! 

D 2.) 20 - 30 ti 

D 5.) 50 tJ~'ULtl 

D 2.) tJ~tyqj1\;l~ 

D 3.) 31 - 40 ti 

D 4.) ~.:!ffl1tl~tyqj1L'Vl 

D 1.) iJm~~'U/iJnPlm~n D 2.) "!i1"a1"11m"a/~~1'11V1nlil 

D 3.) Yl'l1n.:i1'Ut.J"a~'V1Lan"11'U D 4.) ~"an'1~1'U~1 
D 5.) ~'U ~ <ttJ"a~'a~'4) .................................................................................... . 

5. ,,Eil~fimfiil\J 

D i.) ~1ffl1 10,000 u1'Vl 

D 3.) 111nn11 20,000 t.J1'Vl 

D 2.) 10,000-20,000 u1'Vl 
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ll1fUJ'U'Jn {I 

~gtn1'i'Vlf'lflil'Ufl112.1.W-:icwvl;i'tlilo:l~L~1~12.1ilnv'U'i2.IL;;-:iu~cUin1'i 
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LL uu ~au m11ion111f;.:i'V'lt1 h"lla.:i ~ L "!i1~111 ~ nau111 L "ii.:i'lJ5mi m1L ~aci1EJ'Vlt1~L 'Vl~ L 'U 1~ ~ m1 

~ii!Jl 1~i'UU11.:1~1"ll11~1Jl1'U1 L 'U ~lT~i'U'11n~11~ n~ L 'lJ ~an~1l L1J~~1Jt"ll11J L~EJii~1"!i tln11U1t Lii'U 

~1111f;.:iV'lt11'1~.:iV111~ 11 ~1'U ~a (1) ~1'W~'LiLLuumtu1'Um1"5'~au111/n'1m111, (2) ~1'U~1111 

L ~ EJ1"111qj"llt1.:!1'Vl EJ 1 m LL~t n111 ~'U ~n11"lltl.:!Vi1l.:!1'U, (3) ~1'Ul°l111J L 'Vl1J1t~1J"lltl.:l~.:lel1'U1 EJl°l111J 

~t~1n, (4) ~1'U~1111LV1111t~11"lla.:i~m'U~"5'~n'1m111, (5) ~1'U~1111V'l~t111Lan~11\J1tne:iun'1m111 

, (6) ~1'Ut11V11111.:iLL~tt11V111n~1.:i1''W, (7) ~1'U~1111LV1111t~11"lJa.:i1tEJtn~1m1"5'~n'1m111, (8) 

~1111f;.:i'V'la h 1~EJ1111~e:ifJrufl1V'1m11 ~u~m1, (9) ~1111f ion111L"li11'1V1~.:im1L "!i1~111n'1m111, ( 1 o) 

m1i11~1111fl'lJ'lJ1t~n1J11i'lJ1t1EJ"11'W1~ LL~t (11) ~1111f;.:i'V'lah 1~EJ1111~am1L"li1~111n'1m1111~EJ 

~~n11U1tLii'U~111Jv;.:IV'ltl 1'1"lltl.:i~L"li1~11J~na'U11J LL~~.:it 'UIJ1111.:I~ ~-1 ~.:iil 
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1Jnn:ivi .:i-1 flt LL 'W'Wfl11ll~.:ivrn 1"il"lleN~ L "li1~1ll~mn..11lJL :il.:itJfi'lJ1i m1L ~elcl1EJ'Vlel~L 'Vll°l 1'W1~~ m1~~\Jl 

1~i'Wth~.:itj161J11~\Jl1'W11 'W€il!~i'W"il1n6'1116'1tl~L tJ~eln'1ll Lll~~llt"ll1ll 

~1"1ieltJ1tLii'Wfl11lJ~.:!Vlel 1"il 
., .. ... 

flt LL 'W'W 1elEJ~tfl11lJVM 1t~'lJfl11lJ 

..I 
vrn1"il ~.:ivrn1"il Lu~EJ 

1.~1'W~tJLL'lJ'lJmt'lJ1'Wm1~~el'lJ1ll/n"ilm1ll 4.60 92.00 
..I 

mn'Vl'1~ 

., ..I .... 
2.~1'Wf111lJL"1!EJ1"!11qj"llel.:11'VIEJ1n1LL~tn11 

1 ~'lJ~n1161Jel.:!VllJ.:11'W 4.53 90.67 
..I 

ll1n'Vl6'1~ • 
II ~ O 

4.27 85.33 3.~1'Wf111lJL'VllJ1t6'1lJ"llel.:16'1.:lel1'W1Elfl11lJ6'1t~1n ll1n 

I.I .JCLI .c:ti. 

4.47 89.33 4. ~1'Wf111llL'Vlll1t6'1ll"llel.:16'1'11'W'Vl"il~n"iln11lJ ll1n 

. 5. ~1'Wf111ll'Vl~elllLeln?111tJ1tnel'lJn"ilm1ll 4.13 82.67 lJ1n 

6. ~1'WmV11111.:1LL~tmV111n~1.:i1'W 4.13 82.67 ll1n 

1.~1'Wm1llL'Vlmt?1ll"llel.:i1tEJtL1~1m1~~n"ilm1ll 4.13 82.67 mn 

8. f111ll~.:l'Vlel 1"il 1~ EJ11lll'lell°JUA.f11'Vln111 ~'lJ~n11 4.60 92.00 
..I 

mn'Vl?I~ • 
9. m1lJ~f111lJL "li11"il.Mfil.m1L"li1~1lln"ilm1ll 4.13 

'IJ 
82.67 ll1n 

10. n11tl11°111lJ~tJtJ1tEJn\Jl1itJ1t1EJ"11'W1~ 
'IJ • 

4.33 86.67 ll1n 

11.f111lJ~.:i'Vlel 1"il 1~EJ11lll'lelm1L"li1~1lln"iln11ll 4.60 92.00 
..I 

ll1n'Vl'1~ 

' ..I ..lot 1:'I tJ .... .. Lnru'1flt LL 'W'WLu~ EJ'VI L"1! b 'Wn11 1t Lll'W~~ fl el 

"' .. .. 11 ... ..I 4.51 - 5.00 'Vlll1EJ'1.:lllf111ll'Vl.:l'Vlel "il 'W1t~'lJmn'Vl'1~ 

3.51 - 4.50 'Vlll1EJfi.:i iif111ll~.:l'Vlel 1"il 1 'W1t~'lJlJ1n 

2.51 - 3.50 'Vlll1EJ5.:i iif111lJ~.:l'Vlel 1"il 1 'W1t~'lJtJ1'Wn~1.:i 

1.51 - 2.50 'VlmEJfi.:i iim1ll~.:l'Vlel 1"il 1 'W1t~'lJi!elEJ 
"'.. .. 11 ... ., ..I 1.00 - 1.50 'Vlll1EJ'1.:I llfl11ll'Vl.:l'Vlel "il 'W1t~'lJ'WelEJ'Vl6'1~ • 

"il1 n \Jl111.:ivi 1 'Vl'lJ11 ~ L "li1L"li1~1llel'lJ1lliim1ll~.:l'Vl el 1"il ~1'W~tJ LL 'lJ'lJ n1t'lJ1'W n11~~ 

1f11.:im1/n"ilm1ll f111ll~.:l'Vlel1"il 1~EJ11lll'lell°JUAfl1'Vlm11~'lJ~m1 LL~tm1ll~.:l'Vlel1"il 1~EJ11lll'lelm1 
11 1 4 ,d !'J QJ .:ii Gil 4 1 II .J !'l ILi _. 

L"ll111lln"ilm1ll ~.:i'1~ 4.60 'l!.:lel~ b'W1t~'lJll1n'Vl'1~ LL~tllf111ll'Vl.:l'Vlel "il~1'Wel'W~ el~ b'W1t~'lJll1n'1.:i 

..I 'i.. "'1 !'!' ""iJd"' mn'Vl'1~ b~EllJfltLL'W'Wfl11lJ'Vl.:l'Vlel "ilel~ b'W"1!1.:I 4.13-4.53 fl~L 'W1elEJ~t 82.67-92.00 
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1. '11Lfl'Uile.Jfl.:J1'ULL uuu11a1a lu.:J1uth::"t111'!f1m11::~u'!f1~ "oW\!flfl.:Jfl11111~a" 

th::'11tl 2558 flil.:J'Vlfll111~11'!fft{]oW\!flfl.:Jfl1111lil1n\1il.:Jfi'Ll~il1L~EJ'U 
"' cl "' ' 1'U'VI 13-14 fl111'l1~'U6 2558 

'!)'Ua1fll'U 611111'11 fl L 'VIUil ~il'Ufi1.:J 11'Vl11'VIEJ1aEJ11'!fft{loW\!flfl.:Jfl1111 ~.:J'Vl1 '1.W~~ la n 

n1slls::qw.irnn1ss::lludlii 
.. ii\lililUR51Hljlu" dM1ll ••• _....,.,,,, ......... ..............-
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n111nR111M111aa,,.uifiJ1inLulan"4u~tW....,.,,,,w1uiJ\fln:wnul1nno 
Extraction of antioxidants from tamarind seed coat usin1 orsanic solvents 

V11f\'MI 

,,.1Sl1f'I infJ ~W'11 fwiftl WI: Lll',ll11 R1f\nl1° 
P1Mit'WIP1t\11aun11u1w11U11ai"11 W1imt1it111'~'W na,tan 

"corresponding author e-mail: dkatekanGJhotmail.com 

•1vH'trii!Ht1q\11:.wftL~a~mt1Nn,&1.ti,;1a1111eit\ln111nt1111i1\1111nfuri"U11muiiamli.i 
wl11s.an1s.a 1A!ltf1\"1,{111.a1uiiu...nti1•nu ~a ,f, L&,.1\le11Nas.aJ1 (fl11saLis.ifu 25 so u.111 75 

L'llDiLMl unt11UJaNmnfi (1'1111.JLWf\I 2S so ue: 75 u.JaiLflM) IUllL&i'llt>:tLM tuni1llML\llan 

~.wn1s.al'n16't1nzlwn.u\lla~tielmianimilu 1:20 all't1li.n!&iin1lwfl 1utrt1n1 
iLftn:~GR'l11\11cneuihniama1huau.t t\l1u.aut"l'WlilMI 1U1:fi1ni1iN1~Ba1: OPPH tu 
11111111't1 1111n119'n'lmfutil-ntlft11muli14'Vflf\'uii\Ainan111i1U1>anWw11nti'Mnu ~ua1111rTttw 
Wl\IDllLfWv 75 L\J&iLfuR !hJ1S111Mll11\11:n8\JIU81'1Sl1nfllf" (355.74 m!I pllic acid/!) tcu:i11111 

MMDM'MlllLWW 2S L\leiLM IU'llLlm\IDl'ILfiit\I 75 L\JeiLWtii GtAs.11oni1nhu11fJlli (25.28 m!I 

catechlnl!} u.a:\\J1u.aub1lwiiliu (9,393.00 m!I catechin/g) ,.~ .. fl'WZhiu ihMi"ufli1n11l1u 

,,.iJalll1: DPPH n•a111ul'111L\Jiian'lf11u.1&t1sa:111sa wui1111an111CJ1nt117!1t1&11Li'safu 75 

t1hmu lhh111nilt1" 
thfHTqi : sa:n.i L\Jlan\fuwMS1:1111J ~11l~lau 1111all'tlhMMatn1lri1t 

. Abstract 

This resurduimed to study the effect of extractin!I solvents on antioxidant properties 

dtlmlllnd·setd coat..Vatlous solvents·lndudin!I distilled water, aqueous ethanol (ZS SO and 

7.,,.~ ~ (25 50 and 759'> and ethyl acetate we<e used for extracting tamarind 

. seed ~at the ratb 1:20 with ~trasonlc:...sslstant extraction method. The extracts were tested 

. i'or thlfr tOtll ~··O:>ntent. ~ ftallonOids content, proanthoc:yanidins and OPPH radical 

~ ~; lhe.'.resultl rMaled the effect of clffttent extrKUn! solvents in diverse 
... •./.·i•:· .• ~;ihe···ac:fof 75"& methanol shoWed the hi!f1est of total phenolic 

.. ·.~············ ... . , ~'.ass:74: ' vj .• •.• aacvsl4• ~ the' eictrac:tS of 259' ethanol and 759' ethanol "' ·.·· , ... 11\f.~ . . .. 
. ,,.4,,.:tc111f'{,c~-,,:J ,,·;,;~'·" ,, , 1cif;ti0ta(~=::::::v= of~ 
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2. U1 Lff'Uil ~iHl1'ULL \J\J l tiff LPlil'f t 'U-111'Utl"a::"q11i't11n111Z~\J'U1'U1'!f1fl 
The 7th International Science, Social Science, Engineering and Energy 

Conference 1-SEEC 2015, November 24-26, 2015 

Wang Chan Riverview Hotel, Phitsanulok, Thailand 
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1-SEEC 2015 

Evaluation of Antioxidant Quality of Tamarind Seed Coat 
(Tamarindus indica) Extracts Using Different Extraction 

Solvents 

Katekan Dajanta'91, Premnapa Sisopa~ 
•DM61otfofFoot/SO-tlltllT....,,,,~o/Fa•~r~.PfWlo..,..._b;.MM 

~. l'ftllt-'ol. 6j(J()(J, 't'lttll'-d 
• DhVlon '1/ ,,qro./""'6trlol Pl'Ot/w:l Dc-rlilp .. IC ~'11 FootltlllllAfrlt:llllw'lll r.dlv'oo. ~ 

bJob6ol v.n.-,,,,, ~ "* 'l1lollolttJ 
·'dlcattk~mm. •pa111111~cam 

Abltract 

ibis audy aimed to iDvadple dae aotioxicllm quality of CNde mttracll (Wlblr, ~ ... 
75%metbanol) of tumriDd teed CoelS (TSC) oblliDcd by uluuouDd mi.tied extractioD medliocl. 1'be 
antioxidaD11 of total pbeooUc ~ ~ IDd proadaocylDjdiu .... ~ in .... 
extrac11. In tddition. DPPH radical~ activitJ (DPPH) ofdMI-... wa allodettnnined. It .. 
round tbal etJanoUc ex111etlbowed 11ae lti&belt vllaeof~ (939.30 a C*hldlinllOO aTSC> 
Ind DPPH (168.56 g BHT/100 a TSC). Wbenw tbe mllbanotic llMl waer extrldl ._ the bial*t 
COlllaill of total phmolic c:ompolDCla Ind flavoDoick, nspec:UN!y. The NIUltl obClined ia dds -.:ty 
showed 11111 Wind seed co.t laaft andoxidlat p«lpeltitt which CM bo fbrdler dtYeJaped U ftmcdoaal 
foods and co.smecicl 
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1. ~a-trn..J~~a (mi~n1'VIEJ) 1..11.:1~11 Ln!Jlm1 1'11..ij1..1V11 
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2. m1v\'1.:i11..1 

~ 1 LL'VltJ.:ithJ ~UtJ 
' .. 0 

~'111.J'Vl'Vl1.:111.J 

.J I 

3.'Vla~ 

4. tJ1t'Wim1~n~1 

~ru1~ (1t'4~1"!.111"t11Lan) 

II I .. 

e;!'tl1EJP11~1Jl111il11EJ 

~1"!.ITI't!TI'VlmPl1~1J1·foam 'VIPJ 11..1 fag m1Lmffi1LLatmV111 

PJrutL 'VIPJ 11..11agm1Ln'~1J11LLatmV111 

11V111V1maEJ11"t1.t1!J'W\Ja~.:iPi1111 

a.Liia.:i lil.W~~1an 65000 

1V11fli'wv1 086-179-7207, 055-267-080 

1 V11~11 055-267-081 

E-mail dkatekan@hotmail.com 

~1"!.111't111'VlmP11~1J1iLLat L 'VIPJ 11..11agm1Ln~1LLatmV111 

PJrutL'VIPl 11..11agm1Ln~1J11LLatmV111 

11V111V1maEJ11"t1.t1!J'W\Ja~.:iPi1111 a.Lila.:i li!.'W~~1an 65000 

ti 'W.131. ~a~m1..1Plm~n tJ1tL'VIPI 

TVI.~. (iV1ml'11~1J11Lb'1:::LV1fl L'UL'1~nTrn11111~) 2553 1111111V1EJ1~m ;lEJ.:i tvrll 1VIEJ 

1V1.1l. (iV1EJ11'11~1Jl1LL'1~LV1fl L'UL'1~n1~B1'1111~) 2546 1JV111VIEJ1~EJL ;)EJ,:i L vri.J 1VIEJ 

1Vl.'U. (Ln~~l'11~1Jl{) 2537 1111111Vlm~m ;lEJ.:i t vrll 1VIEJ 

' ' 
5. ~1"!.111"t11ViL"lim"t11qi Food Science and Technology LLat Food Microbiology 

6. i:.Ja.:111..11..ij'EJ : 'H'1'Vlu11Pi1.:im11..ij'EJ 

1> m1~~1..111ai1..1tl11.:i~1"!.l11 L~~11~11\Jl11..1a'4JJaa~1t~1J111..1111..1ali'a"8'1..11i11n~11~nl'l L tJ~ant1'11 

L1!~1'11Jt"l.111! ( .:iutJ1t111ruLL~1.J~1.J ti 2558) 

2) m1~~1..11131nEJ.n1w"l.I a.:i1~1V1nlil"q1!'tltJLPi~a.:iri1 m.:i L ~ a~~1.:i LLIJi11 i;l aV11.:i~1nlil1.1..1m1i:.Jii1J1 PJ~11 

tl11.:i~11i11nJ11i'uVln-U11 (.:iutJ1t111ru ~m. tJ 2557) 
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3) nT~L~1J1J~rhmmV1~ei~-:i1U1nmtu1'Um1~a!'ltl1ei4'ULtJ'Uuei~G'lrifo (-:iutJ1t1J1ru1U1n G'lm. 
~ ' 

1ri1-:im1 MAG I tJ-:iutJ1tmru 2555) 

4) m1~-:i Lri11 t"1u ~u'VI ei-:ir1111J m1 t .YtJ1t LEJ"!ltJ"Uei-:i L 'VI~ ei1U1 n m1 LL tJ11tJ ei4'U'Vl1-:J Lri~ei-:i'1'1m-:i 
~ ' 

LL~t n 11oWl'll'U1 Lfl ~mGf 1 eJ1-:J~'ULL UU'11 ntl1lJ'U LL~ tG'f 11&'1 n~li11n L1J~ ~eJ~'U (-:JUU1t1J1rulil 1 n 

G'lm. tJ 2554) 
., ... .f ,3 ., ., ... ., col col ... ..1.. ... 

5) f111Vi l'll'U1~-:in~1 L "!lel'11'Vl1U'Vl1J n"U1'l'Vl1J1 n LL~ tf111Vil'll'U1 Lfl1eJ-:J~1J'lJ1'l'V11J1n'Vl1JG'f111'11'U 

ei~2;1~~G'l1t~-:i (-:iutJ1tmru G'lnei. tJ 2557) 

6) ~~vi1~1'11Lo'V'l1tL Ylei m1~al'ld1V1fo~al'lnru'1L if eiL Ylm11V1t11EJ <-:iutJ1t1J1ru'1'1tl'n-:i1'U\Jfll 

~1'11~-:i'Vl1~1'11n 2557) 
Cl.I Cl.I d II I.I I 4. Q.I Cl.I 

7) m1Vi l'll'U 1131 n EJfl1Vi'll ei-:i'11'1G'l1'Vlm11JmV111LVieiG'f11-:i LLl'l1J l'l eiV11-:i~1n1U: f111Vil'll'U1131 n EJfl1'Yi 
11.1 'l .f ., ' .1 tJ ~u1tneium1~'U'11'1G'l1'Vlm11JLLtJ1itJL'UeJG'll'l'l (-:iuu1tmru1U1n G'lm. -:iutJ1tmru 2556) 

8) f111~a!'l~'lL'Vl~eJ-:J'VllJn~tJ~ei~J1EJLL~tijflUJrl1'Vl1-:JLfl"!l'U1f111~-:J~'lEJ1111JLL'UG'l~G'ILyjeJL~1J2;j~rl1 
~'U~1Ln~l'l1LL~tG'l~1-:J~~fl'l11JG'l11J11'1 t 'Uf111LL "ll-:i'il'U (-:JULL~'U~'U tl-:iu\Jit1J1ru 2555) 

.Q II .J' o.I riJ 4 Q.I d Q.I ~ II 1 t 11&1 

9) f111~~1'1~-:Jn~1L"!leJLL~t~-:Ju~-:J1G'lli11nmL'Vl~eJ-:J'V11JnL'VieJf111EJmt~Um'Vl11Vi'UU1'U~f111LL'lJ-:J'lJ'U 

L'Ul'l~1~~1n1U (-:iutJ1t1J1ru G'lnei. ti 2554) 

10) f111~ -:!Lfl11t"1U~U'Vl-:J1'U1~ EJ L~EJ111J'UeJ-:J1J'Vl11 'VIEJ1a EJ11"!1J1!)Yi\j~G'l-:Jfl111JL yj eJG'l~1-:J LL~1J~ eJ~t 

LG'l~1J~nEJm'V'l'Vl1-:i'1l'l"'1V1m11JmV1111'UL'lll'l~-:im~Vi~fan (-:iutJ1t1J1ru1U1n G'lm. ti 2554) 

11) m1~~L~eim111Ju 'UG'l~G'IG'l1EJ'W''UQ~"'~1-:iG'l11Vi~~1L Ylei tiL tJ'Un~1L:ff ei L'Um1~al'lG'l11~~ 

\J~ei~n EJ1U1n"Zi'11 LL~-:! (-:JUU1t1J1ru nmVJ'UG'IUUG'l~'U-:!1'U1~EJ 1J'V111'Vlma EJ11"!1J1!]Yi\j~ 

G'l-:Jf1111J tJ 2553) 

12) f111LmEJULViEJUflCUrl1'Vl1-:JLfl"!l'U1n11'UeJ-:J~al'lnru'1'U1J'Vi~eJ1J~1J~~a!'llil1ntl1'U1J1'lLLVJL~t'U1J 

~-:! t 'U"q ~ Lf11-:Jf111LLm 'UU qimJ 1'U1J~U'UeJ-:Jf11flL 'VIU eJl'leJ'UU'U (-:JU Lbe-i'U~'U1J'Vl11'Vlma m ~ EJ-:J t wl) 

13) fl'l11J~1JoW'UG1t'Vld°1-:J1ttJULeJ'U1'1!tlLL~flLl'lLUeJieiein~L~G'lnurirum'V'ln11Lnui'n~1J1'U1J~U~ 

~al'l1m'Uq~~ei'U <-:irnL~'U~'U1JV111V1mam~EJ-:itV1li) 

Techarang, J., Apichartsrangkoon, A., Pathomrungsiyounggul, P., Chaikham, P., and 

Dajanta, K. (2016). Viscoelastic behavior and physico-chemical characteristics 

of heated swai-fish (Pangasius hypophthalmus) based emulsion containing 

fermented soybeans. LWT - Food Science and Technology. 66: 63-71. 
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Ln~m1 fl1;iuV11 LL"tvrVIEJVi'rleJ ~e:i-:if\'1. (2559) ~n~rutV11-:iiru11'U1'VIEJ1 m-a~~1-:i~1-afl~u."t 

-a-:iri-J(;l~'lJ€l-:l'a1 LlJLL 'U~l°i'~~l°i'~LLEJff'il1ffel-:ll°i'n. 11'a~1'alJVl11'VIEJ1~EJfll~'Ul°l~'U'Vl'a1L -aWJ (~1'tl1 
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~VIEJ1-a-aru O(;l'an-:i LL"tLn~m1 fl1;iu'Vl1. (2557). m-a~~1-:i Ll.l'U1 Ll°l~'ULl°l ~(;l~ilmL"t~1-aifl'UeY-:i 

l°i'mnmfll~Lvr~m~'Un1m~EJ1~vr2Jn~1EJ-a11lJLL 'U~1°1~~1-:i~1EJ~'UQ. 11-a~1-a1"5'EJ l.l'll, 19(2): 

215-222. 

Dajanta, K., Janpum, P., and Leksing, W. (2013). Antioxidant capacities, total phenolics 

and flavonoids in black and yellow soybeans fermented by Bacillus subtilis: A 

comparative study of Thai fermented soybean (thua nao). International Food 

Research Journal. 20(6): 3125-3132. 

Apichartsrangkoon, A., Chaikham, P., Srisajjalertwaja, S., Chunthanom, P. and Dajanta, K 

(2013). Aroma volatile profiles of Thai green chili paste (Nam Prig Noom) 
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Dajanta, K., Apichartsrangkoon, A. and Chukeatirote, E. (2013). Changes in biochemical 
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physicochemical qualities of Thua Nao (Thai traditional fermented soybean). 
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Dajanta, K., Apichartsrangkoon, A., and Somsang, S. (2012). Comparison of physical 

and chemical properties of high pressure- and heat- treated Lychee (Litchi 

chinensis Sonn.) in syrup. High Pressure Research: An International Journal, 1-5. 

Dajanta, K., Chukeatirote, E., and Apichartsrangkoon, A. (2011). Improvement of thua 

nao production using protein-rich soybean and Bacillus subtilis TN51 starter 

culture. Annals of Microbiology, page 1-11. 
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Dajanta, K., Apichartsrangkoon, A. and Chukeatirote, E. (2011). Volatile profiles of thua 

nao, a Thai fermented soy products. Food Chemistry, 125, 464-470. 

Dajanta, K, Apichartsrangkoon, A. Chukeatirote, E., and Frazier, R. A. (2011). Free amino acid 

profiles of Thua Nao, a Thai fermented soybean. Food Chemistry, 125, 342-347. 

Dajanta, K., Chukeatirote, E., and Apichartsrangkoon, A. (2011). Analysis and 

characterisation of amino acid contents of thua nao, a traditionally fermented 

soybean food of Northern Thailand. International Food Research Journal, 18, 
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Chukeatirote, E., Dajanta, K., and Apichartsrangkoon, A. (2010). Thua nao, indigenous 

Thai fermented soybean: a review. Journal of Biological, 10, 581-583. 

Sungkam, J., Apichartsrangkoon, A., and Dajanta, K. (2010). Processing of dried jelly 

from penniwort juice by vacuum infrared. Rajabhat Chiangmai Research 

Journal, 2, 97-104. (in Thai). 

Dajanta, K., Chukeatirote, E., Apichartsrangkoon, A. and Frazier, R. A. (2009). Enhanced 

aglycone production of fermented soybean products by Bacillus species. Acta 
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Dajanta K, Wongkham, S, Thirach, P., Baophoeng, P., Apichartsrangkoon, A., Santithum, P., 

and Chukeatirote, E. (2009). Comparative study of proteolytic activity of protease­

producing bacteria isolated from thua nao. Maejo International Journal of Science 
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Dajanta, K, Chukeatirite, E., and Apichartsrangkoon, A. (2008). Effect of lactoperoxidase 

system on keeping quality of raw cow's milk in Thailand. International Journal of 
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Dajanta, K, and Sisopa, P. (2015). Evaluation of antioxidant quality of tamarind seed coat 

(Tamarindus indica) extracts using different extraction solvents. The lh 
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International Science, Social Science, Engineering and Energy Conference, 24-

26 November 2015, Wang Chan Riverview Hotel, Phitsanulok, Thailand. 

Sea-Wa, P., Sriphuengthong, M., Thongphuang, S., and Dajanta. K. (2015). Sensory 

evaluation and antioxidant quality of banana peel and herbal tea. The lh 
International Science, Social Science, Engineering and Energy Conference, 24-

26 November 2015, Wang Chan Riverview Hotel, Phitsanulok, Thailand . 
., ... ... 0 ., ( ) ., .'i JI ... ..I ... ~ 'I ., 

.nru't'l':i1 Pl':ifl1 LLman'Jfl11 fl1;J'U'V11. 2558 . f11':i~fln':it1\l~mL1J\l'W'Ubl.Jt1\l'Vll.Jr1m.J.n1v-a'IJm'rnl.Jn 

.U11vim n 1 i.1iitJ~mru"!lt1\ILL ~\1~'1t'11EJ1~~\l'Vfl.Jfl~\I LL'1tiin~'IJ"!ltl\I LL€1'1 nt1 Ht1~~1. uV1m1l.J 

u-Uu L~l.J L 'IJ ':i1 EJ\11'1J~t.J L ~ t1..:i'11n n 1':itJ':it"ql.JGll.Jl.J'LJ 11"111m':itl1 L"''U t1..:i1'1J1"5' EJ ':iti;i'u"111~ U'1 t 

Q 4 I Q.I .:::i., tt:::6 Q Q.I Q.I 4 t: .cl 
'IJ1'LJ1"1111J1L~':it1"1J1EJt.Jru't'l1J1P!m~n l.JV11'J'VIEJ1'1EJ':i1"11.n!)m~LVl'Ut1 ~1\l'VI 15. 129- 139. 

Pl~'W1 fi1~l.J e:ivi'm11ru 01Jl':i5\I LL'1tb0f!011 fl1;i''U\111. (2558). f1ru.tl1'W'Vl1\IL~ii f11EJ.tl1'WU'1t 

el Q.I Q.I ,4 ,4 :;' II II .c::i1 o ~ 11 v d .., 
u ':it"'1'Vl"'l.J i:.rn"!l t1..:i L~1€1\lfll.J'IJ 1"1J11V1l.J1 n'11 n"1J11 L Vl'IJEJ'Jfl1 f11l.J\I. t.J'Vl~11l.Jut.Jt.J LIJll.J ~ 'IJ 

11 EJ ..:J1'1J ~t.J L ~ €1..:1'11nn11tJ 1t"ql.JGll.Jl.J'IJ 11"111 f11 ':itl1 L"''LJ €1\11'1J1"5'EJ1ti;i't.J"111 ~ LL'1t'U1'1J 1'tl1 ~ 
4 I Q.I .._ - Q CV CV 4 ~.cl 

L~1t1"1J1EJt.Jru"11J1Plm~1 l.JVl11'VIEJ1'1EJ11"11.tl!).tl1~LVl'LJ€1 ~1..:J'VI 15. 177- 183. 

Janpum, P., Dajanta, K. and Sisopa, P. (2015). Effect of Drying Temperature on the 

Phenolic Components and Antioxidant Activity of Pok Oum Grape Juice 

Pomace. The 1 lh Food Innovation Asia Conference 2015 (FIAC 2015) 

Innovative ASEAN Food Research towards the World, 18-19 June 2015 

cw~..:if1J1tl "5'tJ~l.J Ln'Jn11 fl1;i''U'Vl1 LL'1tLtJ':il.J'LJ.n1 ITT"'.n1. (2557). "'11tJ':itnt1u 1 cw~~'LJ€1'1U'1t 
II .iC1t. Q.I .: II.I .cJ Q I 4 

~11l.J"'1l.l11~n111J11'1Jt1t1n~Lfl"!l'LJ"!Jt1..:iut1fl"'~':it.J'Vl~'11J1'11nn1nt1~'1J"!lt1..:iLV1'1t1'11n 

n1tt.J'J'LJ f11':i~ ~ 1J1tl 1~ '1 L~. t.J'Vl~'J1l.JuUt.JL~l.J L 'LJ ':i1 EJ ..:i1'LJ~t.JL ~€1..:i m1tJ1t-ql.J1t i;i'u"111 ~ 
Q QQ.I Q Q.I Q.I I ,=I II ~ I 

"'W\J'1"'..:J~11l.J'J'1EJ" LL'1t'LJ'Vl11Plf111 "f111'W~'IJ1PlnEJ.tl1'Wf111'Vl€1..:JL'VIEJ'J" '11n'VleN~'U~ 

€11L~EJ'LJ 255 7 -J'LJ~ 19-20 ~l.J.tl1~'Ufi 2557 ru l.JVl11'VIEJ1~EJ11"11fi~oW\J'1'°'\1~11l.J 
(~'J'IJ'VltL'1 LLn1) "5'..:iVl1flVi~~ L'1n 

L ~ L~ EJl.J el'1 ~ L '1 IJl !Ji €1 f111 Ltl'IJ LL~tliJ L'1otl'IJ'°'1':i~ 1'LJ €1€1 n~ Lflotl'IJ"!Jtl\1'°'11'°' nfl L t.Jl.Jt 'l.J. ..:J 1'1JtJ ':it'tll.J 
Q.I Q .Q -CV <1111rt. CV Q.I I .cl 

1tflt.J"l111Jl "'W\J'1'°'..:J~':i1l.J'J'1EJ" LL'1t'IJ'Vl11Plf111 "f111'W~'LJ1P!nEJ.tl1'Wf111'Vl€1..:J L'VIEJ'J" 

'11n'Vlt1\l~'IJ~t11L~EJ'IJ 2557 1'1J~ 19-20 ~l.J.tl1~'1J5 2557 ru l.JV111'Vlm~EJ11"lffi~ 

oW\J'1'°'\1~11l.J (~'J'IJ'Vltb'1Lbtl'J) "5'.:i'Vf1flfi~°'L'1n. 

~'lJ'J1~1JltJ LL'iJ'J1\I el'1\l':i1 .fitJ1tb'°'~~ LL'1tLflGlfl11 fl1;i''U\111. (2557). '°'11tJ1tnt1t.JfJ'IJt1'1LL'1t 
'U ... ·4 

~'Vlt~1'1Jt1t1 n~Lflotl'IJ"!Jt1..:i.U11V1l.J1n~V12Jn'11 n.U11 L V1UEJ1~1 . .:11'1JtJ1t-ql.l1ti;i'u"!f1~ "oW\J'1 
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1U Q.I I cil 11..:::.1 .. 6'1-:Jfil~11.11"5'E.J" LL"'til'Vl~~l31fl1~ "fl1~'rl~'lJ1131nE.Jfl1Vm1~'VleML'VIE.J1" '11n'VleJ-:Jfl'lJ~e:J1L~E.J'lJ 

2557 11.J~ 19-20 ~1.lfl1~'U5 2557 ru 1.1V111V1E.J1~E.J~1"!1.n'!JVi\l"'"'-:im11.1 (~11.J'VltL"' 
LLrl1) "5'-:!Vlll'lfi"'°' fan. 

Dajanta, K. and Chattong, U. (2013). Monacolin K, citrinin and antioxidant properties 

of Monascus-fermented soybeans. The 1
5
th Food Innovation Asia Conference 

2013, BITEC, Bangkok, Thailand, June 13-14, 2013. 

Dajanta, K. and Chattong, U. 2013. Fermentation temperature affects the phenolics 

and antioxidant activity of Monascus-fermented soybeans. The 15th Food 

Innovation Asia Conference 2013, BITEC, Bangkok, Thailand, June 13-14, 2013. 

Dajanta, K., Janpum, P., and Leksing, W. (2012). Phenolics, flavonoids and antioxidant 

capacity in thua nao produced from yellow and black soybeans fermented 

with powder of Bacillus subtilis TN51. The 14th Food Innovation Asia 

Conference 2012, BITEC, Bangkok, Thailand, June 14-15, 2012. 

Dajanta, K., Apichartsrangkoon, A., Somsang, S. and Worametrachanon, S. (2011). 

Comparison of physical and chemical properties of high pressure and thermal 

treated Lychee (Litchi chinensis Sonn.) in syrup. 49th EHPRG International 

Conference, Budapest (Hungary), 28 August-2 September 2011. 

Dajanta, K., Trephara, N., and Katedit, W. (2011). Characteristics of low citrinin­

producing strains of Monascus sp. isolated from Chinese red mould rice. 

ASEAN Food Conference 2011, Food innovation: Key to creative economy, 

BITEC, Bangkok, Thailand, June 16-18, 2011. 

Ln'J01'i '11'1'Ll'Vl1, ~fl~n"'ru ii~"U, "5'mnq"' LL~1.1"5''U'Vl'f. (2554). rn~~l'lmei-:1~111.1LL'U6'1~6'16'11E.J 

~'U~~ 6'1~1-:16'11~Vi"'~1 ~1 E.J15~~ LL tJ"'-:Jfl1~~1 L 'Vl~1. -:11'Ufl1~tl'1 LG'f'U mrn-:111.Ji~E.J LL vl-:!"!11~ 
(Thailand Research Expo 2011) ~t'Vl11-:i 26-30 ~-:J'Vl1fil1J 2554, ~'lJ~tJ~t"q1.ltn-:inein 

filel'UL'l'Ui'lJL~'lJL\;leJ{L~'lJ'Vl-r"' Li"'~ ~1"!ltJ~t6'1-:Jf'i m-:i L 'Vl'rl1J'Vl1'Ufil~. 73-81. • 
Dajanta, K., Chukeatirote, E., and Apichartsrangkoon, A. (2010). Nutritional and 

physiochemical qualities of Thua Nao (Thai traditional fermented soybean). Food 

Innovation Asia Conference 2010: Indigenous Food Research and Development to 

Global Market, BITEC Bangna, Bangkok, Thailand, June 17-18, 2010. 
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Dajanta, K, Apichartsrangkoon, A, and Chukeatirote, E. (2009). Composition and quantities 

of free amino acids in thua nao (a Thai fermented soybean). Food Innovation Asia 

Conference 2009, BllCC Bangna, Bangkok, Thailand, June 18-19, 2009. 

Dajanta, K., Apichartsrangkoon, A, Chukeatirite, E., and Frazier, R.A. (2009). 

Comparison of isoflavone contents in Bacillus-fermented soybeans. A poster 

presentation at RGJ-Ph.D. Congress IX at Jomthien Palm Beach and Resort, 

Pattaya, Thailand, April 4-6, 2009. 

Dajanta, K., Baophoeng, P., Thirach, P., Santithum, P., Chukeatirote, E., and 

Apichartsarangoon, A. (2007). Comparative analysis of protease activity of 

Bacillus species isolated from thua nao. 33rd congress on science and 

technology of Thailand (STI.33) at Walailak University Nakhon Si Thammarat, 

Thailand, October 18-20, 2007. 

Dajanta, K and Pinthong, R. (2004). Preservation of raw milk by Lactoperoxidase System 

combination with refrigerated temperature. The 6th Agro-Industrial Conference, 

THAIFEX & HALFEX 2004, Impact, Bangkok, Thailand, May 28 - 29, 2004. 

Pinthong, R., and Dajanta, K (2003). Effect of Lactoperoxidase System in raw milk. The 5th 

Agro-Industrial Conference, THAIFEX & HALFEX 2003, BllCC Bangna, Bangkok, 

Thailand, June 31- July 1, 2003. 

8. Nfl~1'Ulil'10~fl\llBU"1 

1) m12.J15m1G'ln~G'l11th:mm.J~'Ua'1li11n1JJ~~a~'U L'1"ll~a11aV16u1J11 9523 

2) mV111LiEJ-:iL"ifa Bacillus subtilis "!JU~L'Vl'11lil1mLt1-:i L'1"ll~e:J'1~'Vl6u1J11 9285 

., ..i 'I .,., 
9. 11~1fl\llLfUJ L'11\J 

1) 'H'1V1i!111"11-:im11~E.J~L~'Utht,j1u 'Vi.111. 2558 m11~m~a~91J'U1~nm11'Vi"lla-:i 

'e11JlG'l1'Vlm12.Je:J1'V111LL'1tG'l~1\I LL~2.JIJie:J'Vl1\1~1fllil "1~EJ 1~ ... "lJ1E.Jlil~\I" "lle:J\la1Un\11'U ne:l\l'YJ'U 

G'lu'l.JG'l'1'Um11~EJ (G'lm.) 

2) tl'n1~E.Jt:J'1\11'U~L~'U~1'Ufl111~mL'1tfl11'l.J~fl111"!11fl11 'lht,j1tJ 2557 thtL.f1'VI 

t:J'1\11'U1 ~ EJ~G'f ~1\l'U1 \JI m12.J L 'VllJG'f 12.J11CIU 11 '\.J"ll a-r'l.J fl11 ~2.Jf"l':ie:J\l'Vl-r'Vi er a'U'Vl1\li1 qjqj1 

2.J'Vl11'VI EJ 1~ EJ 11"!1Il!J~\l" G'l\11"1112.J 
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3) tl'n1~EJ~Li;i'U tlitL.flVli:.J~N1'U&i~1.1-W'Li:.JmLV'I~ G'l1EJ1VIEJ1ial1G'f(;l{ t11t'11tJ 2555 1J'V111Vlm~EJ 

11"llfi!J~\!""'.!ll°l111J 

'U1.!JG'l11Lt111J'U.fl1 ITTG'l.fl1 

(m~1ei'-:in~~) Miss Premnapa Sisopa 

2. m1vi1-:i1t.1 

1Ji1LL vrt1-:ii1'1~U'U 
.,j 0 

G'l'11'UVIVl1-:!1'U 

.,j ' 
3. Viel~ 

QJ - QJ' " 

G'l1"ll1V'l~'l.11i:.Jai;i.flrusn~i;iG'l1vrn111.1Ln~i;i1 

l°lOJtLVll°l L 'U 1agn11Ln~(;11LLattn'V111 

1.1vr11V1m~EJ11"11.f1!J~\!""'-:11"1111.1 

ei.Liiei-:i '1.~~~1an 65000 

1V11Pi'V'lv1 089-261-2202, 055-267-080 1V11G'l11 055-267-081 

E-mail pramnapas@hotmail.com 

l°lnltL Vll°l L 'U fagn11Ln~(;11LLateJ1'Vl11 

1.1vr11VJEJ1~EJ11"11.f1!J~\!""'-:11"1111.1 ei.Liiei-:i '1.~~~1an 65000 

'lVl.1.1. ldVlf.11ia11G'f(;l{Ll"l~el-:!~1el1-:!) 2554 1J'V111Vlm~EJ'UL 1fil'l1 

1.1vr11V1m11"11.f1!J~\!""'-:11"1111.1 'lVl.'U. (Ll"lii) 2548 

Q .d .d 
5. G'l1"ll1'l"ll1VIL"llf.l'l"ll1qj Cosmetic delivery 

6. i:.Ja-:11t.11~EJ 

1) m1~~t.11 fait.1th~-:iel1"ll11 LG'l~1.1G'l11~1t.1ei'42;J"a"'1t~i;i1t.111 t.1a~ait.1'11nG'l11G'ln~L tJ~ein~1.1 

L1.1~~1.1t"l111.1 (-:i'Ut11t1.11ru1.1.~'U~'l.I tJ 2558) 

2) n11~~'U 1PlnEJ.fl1V'l"ll el-:!1 G'l1'Vlfl'1"q1J"ll'ULl°l~el-:!~1 tn.!l L vleiG'f ~1.!l LL~1J ~ elVl1-:!~1n'1 t 'U n11i:.Ja (;11"1~1.I 

u11-:iCJ11i11ml1~uVln.U11 (-:1'Ut11t1.11ru G'lm. tJ 2557) 

3) m1L ~1.12;Jari1mm vr~ei~-:1'11 nmt'U1t.1m1i:.Jai;itl1ei~t.1L tlt.1'Uei~G'll"lf'U ( -:1'Ut11tmru'11n G'lm. 

Ll"l1-:im1 MAG I tl-:i'Ut11t1.11ru 2555) 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



108 

7. e.Jil.:11'U~oW11ffLe.JEJLL'Wi 

Tiyaboonchai, W., Srisopa, P., Viyoch, J. and lngkaninan, K. (2008). Solid lipid 

microparticles cis a delivery carrier for turmeric crude extract containing 

curcuminoids. Naresuan University Journal. 16(1): 43-55. 

Sisopa, P. Ounaroon, A. and Tiyaboonchai, W. (2010). Development of Thai native silk 

cocoon pigment Loaded nanostructured Lipid carriers. Proceedings 3rd SUT 

Graduate Conference 2010. 138-142. 

V'l~~-r1wu ~'U~lJ Lfi(JjfiT'i 1'11~'U'Vl1 LLatLtl'a11'Ufl1 inflfl1. (2557). G'l11'Li1tnEJ'ULV'lil~'UEJaLLat 
II Cit, CLI ,8 CV _J ,._ I 4 

fl111lJG'l1lJ11'1m1~1'Ueiein'ilLl'l'l.l'U"tJEJ~'Ueil'IG'lfl11'U'Vl~a~-;i1nmnei~'U"tJEJ~Lvmei-;i1n 

mt'U1'Um1~~~J1~a12!. 'U'Vlfl111lJOiJ'UL~lJ L'U11EJ-:11'U~'UL~ei~m1'Li1toqlJ1t~'U"1.11~ 
,,_ ._CLI Cit, CLI QI I .J II ~ I 

"V'l\jaG'l~fll11lJ1'1EJ" LLat'UV111P1m1 "m1V'l\91J'U1PlnEJfl1V'lm1V1ei~L'VIEJ1" -;i1n'VIEJ~'1'U~ 
.q veil ClJ'' 111:11. QI ClJ' 4 

mL'ilEJ'U 2557 1'U'VI 19-20 ~lJfl1V'l'U5 2557 ru lJV111V1maEJ11"1.1fl~V'l\jaG'l~fl111lJ 

(G'i1'UV1tLaLLn1) ~~'11111'1~~~ 1an 

Janpum, P., Dajanta, K. and Sisopa, P. (2015). Effect of Drying Temperature on the 

Phenolic Components and Antioxidant Activity of Pok Dum Grape Juice 

Pomace. The 1 lh Food Innovation Asia Conference 2015 (FIAC 2015) 

Innovative ASEAN Food Research towards the World, 18-19 June 2015 

Sisopa, P. (2009). Study on chemical constituents, antioxidant and anti-tyrosinase 

activities of pigments from Thai native silk cocoon. The International Congress 

for Innovation in Chemistry (PERCH-CIC Congress VI) May 3-6, 2009 Jomtien 

Palm Beach Hotel & Resort, Pattaya, Thailand (poster presentation) 

Sisopa, P. (2010). Development of Thai native silk cocoon pigment Loaded 

nanostructured Lipid carriers. The 3rd SUT Graduate Conference 2010, 21-23 

November 2010 at Suranaree University of Technology, Nakhon Ratchasima. 

Development of Thai native silk cocoon pigment Loaded nanostructured Lipid carriers 

L 'U~1'U'Li1t"qlJ1"1.11m1 Lfl11~n11VJ'U1~EilJ'Vl1iJru;j~ &'Im. G'l1"tJ11V1EJ 1P11G'f~·foatL 'Vlfll L 'U 1a~ 
ie.c:i1 cv.d ci1 

fll':i~'VI 5 1'U'VI 30 lJ'U1flllJ - 1 LlJ'M1EJ'U 2554 Jomtien Palm Beach Hotel & Resort, 

Pattaya, Thailand (oral presentation) 

Effect of medium chain triglyceride and ethanol on physicochemical properties of silk 

cocoon pigments Loaded nanoparticle L'U~1'Utht"qlJ1"1.11m1 'UL1m11~EJ fll~~v1 9 : 
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Research-based commercialization of ASEAN economic development l'IJ~ 28-

29 n~n!J1fl1l 2556 1J'Vl11'Vlm"'EJ'IJL~fll1~ ~"'°'1'1n (poster presentation) 
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